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TITLE 

POLYMERIZATION PROCESS WITH LIVING CHARACTERBTECS 
AND POLYMERS MADE THEREFROM 
BACKGROUND OF THE INVENTION 
5 The present invention generally relates to a free radical 

poljonraization process and particularly relates to a free radical polymerization 
1,*^^^^ «5&uu» nnj ma iOpoiymers maae mereirom. 

There is incaieasing interest in developing polymer^ 
that can be predictably csontroUed to produce polymers having specifically desired 
10 sbuctores. One of the nieans for achievuig such results is tiuough a process of 
living polymerization. Such a process provides a higher degree of control during 
Ae synthesis of polymers having predictably well defined structures and properties 
as compared to polymers made by conventional polymerization processes. 

Certain xanthate and dithiocaibamate derivatives of the following 

IS formula 1: 

C.) 

where Q=<)(alkyl) or N(alkj'l)2, respectively have been shown to confer 
some of the characteristics of living polymerization when used as photomitiators 
in polymerization processes (see for example Otsu et al., U.S- 5314,962). Such a 
20 process where radicals arc generated by direct photolysis of flie xanflxate or 

dithiocarbamate derivative do not form part of this invention. See also Niwa et al. 
(MakromoL Chm., 189, 2187 (1988)) and Otsu et al. {Macromolecules 19, 287 
(1986)). 

Free radical polymerizations in the presence of chain transfer agents 
25 (CTAs) r^TBsented by formula 1 (where Q=Z' and R are as defmed herein) have 
been disclosed by Le et aL m InL Patrait Application WO 98/01478, which 
discloses, that since dithiocarbamate and xantiiate derivatives disclosed therein 
have very low transfw constants ftqr are therefore ineffective in conferrmg living 
characteristics on a free radical polymerization. However, we have surprismgly 
30 found tiiat by appropriate selection of substituents ((2) or the monomer these 
agents have high chain transfer constants and are effective in conferring living 
characteristics to a free radical polymerization. The CTAs of the present 
invention can also advantageously mtroduce novel end group functionalities into 
the resulting polymers. 



I 
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STATEl^NT OF THE INVENTION 
The present invention is directed to a process for producing a polymer, 

said process co]iq>rising polymerizing a monomer mix into said polymer in the 
presmoe of a source of free radicals and a chain transfer agent having a transfer 
5 constant in die range of from 0.1 to 5000, said chain transfer agent having the 
following formula: 



wherein vAtm D is Dl of fte following fonnula: 



s:-R 



10 flien pis in die range of from 1 to 200, E is Z* and said transfer agent is of Ifae 
following fonnnla: 



wheinn when D is D2 of tfw following formula: 



— S 



P . 



15 then p is in the range of from 1 to 200, E is El or E2 and said transfer agent is of 
Oe following fonnula: 



S=c' 



P. 



whorai when D is D3 of the foQowmg formula: 

r 

— ^x=c- 



2 
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flien p' is in the range of fipom 2 to 200, E is Z, El or E2 and said transfer agent is 
of the following formula: 

S-If 



-2" 



wherein when D is D4 of tiie following f onnula: 
5 — S~r' 

then E is E3 or B4 and said transfer agent is of flie following formula: 

yS ff 

E 

^ere in all of the above: 

R is a p-va!ent moiety derived from a moiety selected from the group 

10 consisting of substimted or unsubstituted alkane» substitoted or unsubstituted 
alkene» substituted or unsubstituted arene, "ny»Ttiinttfd or aromatic caibocyclic 
ringt u n satu ra ted or saturated heterocyclic ring, an organometallic species, and a 
polymer dudn, R» being a free radical leaving group resulting from R that initiates 
free radical polymerization; 

15 R* and R* arc monovalent moieties indq)endently selected fiom ttie 

group consisting of a substituted or unsubstituted ali^I» substituted or 
unsubstituted alkenyl, substituted or unsubstituted aryl, unsaturated or aromatic 
carbocyclic ring, unsaturated or saturated heterocyclic ring, substituted or 
unsubstituted alkylthio, substituted or unsubstituted alkoxy, substituted or 

20 unsubstituted dialkylamino, an organometallic species, and a polymer chain, R**"* 

bemg a free radical leaving group resulting from R* that initiates free radi^ 
polymerization; 

X is selected from the group consisting of a substituted or 
unsubstituted mcthine, nitrogen, and a conjugating group; 
25 Z* is selected from the group consisting of El, E2, halogen, substituted 

or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or 
unsubstituted aryl, substituted or unsubstituted heterocyciyl. substituted or 
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unsubstitated alkylthio. substituted or unsubstitoted alkoxycaibonyl, su^^^ 

unsubstituted -COOR", caiboxy, substituted or unsubstituted -C0NR"2, cyano, 

-P(=0)(OR")2,-P(«0)R"2; 

R" is selected ftom the group consisting of substituted or unsubstituted 

5 alkyl. substituted or unsubstituted alkenyl, substituted or unsubstituted aiyl, 
substituted or unsubstitoted heterocyclyl, substituted or unsubstituted aralkyU 
substituted or unsubstituted alkaiyl, and a combination tiiereof ; 

y is a p'-valent moiety derived from a moiety selected from the group 
consisting of a substittited or unsubstituted alkane, substituted or unsubstituted 

10 alkene, substituted or unsubstituted arene, substituted or unsubstituted heterocycle, 
8 polyn»er chain, an organometallic species, and a combination tiiereof ; 

" Z is selected firom the group consisting of a halogen, substimted or 
unsubstituted allqfl, substituted or unsubstittrted alkenyl, substituted or 
unsubstituted arji, substituted or unsubstituted heterocyclyl, substitiited or 

15 unsubstitoted alkyltiiio, substituted or unsubstitoted alkoxycaibonyl, substituted or 
unsubstitoted -COOR", caiboxy, substituted or unsubstitoted -CONR"2, cyano, 

-P(=0)(OR")2.-P(«0)R"2; 

El is a substitoeot fimctionaKty daived from a substitoted or 
unsubstitoted heterocycle attached via a nitrogen atom, or is of flie following 
20 formula: 

/ 

wherein G and J are mdependenfly selected from the group consisting 
of hydrogen, substitoted or unsubstituted alkyl, substituted or unsubstituted 
alkenyl, substitoted or unsubstitoted alkoxy, substitoted or unsubstitoted acyl, 
25 substitoted or unsubstitoted aroyU substitoted or unsubstitoted aryl, substitoted or 
unsubstitoted heteroaryl, substitoted or unsubstitoted alkenyl, substitoted or 
unsubstitoted alkylsulfonyl, substitoted or unsubstitoted alkylsulfinyl, substitoted 
or unsubstituted alkylphosphonyl, substitoted or unsubstitoted arylsulfonyl, 
substituted or unsubstitoted arylsulfinyl. substitoted or unsubstituted 

30 aiylphosphonyl; 

E2 is of the following formula: 



10 



15 



20 
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wherein G* is selected from the group consisting of substituted or 
unsubstitated alkyl, substituted or unsubstituted alkenyl, substituted or 
unsubstitttted aiyl; 
5 E3 is of Ae following formula 

)v 

wherein p'" is between 2 and 200, G" is Z" and T is independenfly 
selected from the group consisting of hydrogen, substituted or unsubstituted alkyl, 
substituted or unsubstituted alkenyl, substituted or unsubstituted alkoxy, 
substituted or unsubstituted acyl. substituted or unsubstituted aroyl, substituted or 
unsubstituted aryl. substituted or unsubstituted heteroaiyl, substituted or 
unsubstituted alkenyl, substituted or unsubstituted alkylsulfonyl. substituted or 
unsubstituted alkylsulfinyl. substituted or unsubstituted alkylphosphonyl, 
substituted or unsubstituted aiylsulf onyl, substituted or unsubstituted aiylsulfinyl, 
substituted or unsubstituted aiylphosphaiyl or is joined to G" so as to fom a 5-8 
mentoed ting; and 

E4 is of the following formula 



^N) G* 



wherein p" • is betwewi 2 and 200 and G" • is Z". 

The present invention is also directed to polymers made by the process 
of the current invention. One of the embodiment is the polymer is of the 
following fonnuhu 



where n is a positive integer in the range of ftoin 1 to 100,000 and wherein A is of 
25 the following formula: 



5 
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:S 

whenDisDlandEisZ'; 
A is of the following f oimuU: 



C =S 

/ 

3 when D is D2 and E is El: or 

A is of ftft following fonnula: 

,• ' ; ■ \ ■ • 

C =S 

5 ^ whenDisD28ndEisE2;and 

and (?* is a repeat unit derived from a monwrwr selected from die group 
(insisting of nudeic anhydride, N-alkylinaldinide. N-arylinaleiinide, dial^^ 
ftimaiate, cyclopolyinMizd)le immomer, a ring qpenii^ monoinw, a 
macromonomw, a vinyl monomer of die following fonnula: 



CH2 

10 > 

and a combiiution dMsieo^ 

wherein L is selected from the group consisting of hydrogen, halogen, 

and substituted or unsubstituted C1-C4 alkyl, said alkyl substituents bwng 
mdependently selected from the group consisting of hydroxy, alkojqr, OR". CO2H, 

15 O2C3I", CO2R" and a combination thereof; and 

wherein M is selected from the group consisting of hydrogen, R", 

C02», CO2R". COR", CN. CONH2. CONHR". C0NR*'2. 02CR", OR", and 

halogen. 

Mother embodiment is the polymer comprising a mixtu^ 
20 of the following formula: 
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s — c=x- 



r 

sJp. 
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P' 



vtbPKH is 8 positive integer in the range of ftom 1 to J00,000, D is D3, E is Z, El 
crE2. 

Still anotlier embodiment is the polymer is of the following formula: 



fi— r 



S J- 



wheren is apositive integer in the range of from 1 to 100.000, D is D4, 



andEis E3 



A further embodiment is the polymer is of the following formulae: 



10 whaenisapositiveintegermtherangeofftoraltol00,000,DisD4, 
andEis E4 

One of the advantages of the present polymerization system is that by 
controlling the reaction stoichiometry and the degree of conv^on of the 
monomers into polymer fte process produces polymos of pxedetermined 

IS molecular weight and narrow molecukr weight distribution over a wide range of 
monomers and reaction conditions . 

Another advantage of the process of the present invention is that by 
successively adding different monomers to the reaction mixture, block polymers 
of low polydispersity and desired molecular weight can be produced. 

20 Still another advantage of the process of die present invention is that it 

is possible to create polyrners havmg complex structures, sudi as graft, star arid 
bnmchedpolymm. 

Yet another advantage of the present invention is that it is suitable for 
canTing out emulsion, sohition, or suspension polymerization in eitiier a batch. 
25 semi-batch, continuous or feed mode. 
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Still another advantage of the present invention is that it is suitable for 
producing wateibome polymers that are water soluble or water dispersible. 

Another advantage of the present invention is that it is suitable for 
producing solvent borne polymers that are solvent soluble or solvent dispersible. 
5 As defined herem: 

•living polymerization" means a process which proceeds by a 
mechanism whereby most chains continue to grow throughout the polymerization 
and where further addition of monomer results in continued polymerization (block 
copolymers can be prepared by sequential monomer addition of different 
10 monomers). The molecular weight is controlled by the stoichiometry of the 
reaction and narrow molecular weight distribution polymers can be produced. 

••Radical leaving groiq)'* means a group attached by a bond capable of 
undergoing hemolytic scission during a reaction to thereby form a free radical. 
"GPC number average molecular wei^tf* (Mn) means a number 
15 average molecular weight and ••GPC wei^t average molecular weight" (Mw) 
means a wdgiit average molecular weight measured by utilizmg gel permeation 
chromatography. A Waters Associates liquid chromatograph equipped witii 
differential reftactometer and 106, 105, lo4, io3, 500 and 100 k Ultrastyragel 
columns was used. Tetrahydrofuran (flow rate of 1.0 mlVmm) was used as an 
20 eluenL The molecular weights were provided as polystyrene equivalents. 

"Polydispersity'* (Mw/Mn) means GPC weight average molecular 
wei^t divided by GPC number average molecular weight. 

••Addition-firagmentation" is a two-step cham transfer mechanism 
wherein a racfical addition is foUowed by fira^ 
25 spedes. 

"Chain transfer constant** means the ratio of tfie rate constant for chain 
; : tramfw to the rate constant for propagation at zero conversion of monomer and 
CTA. If diain transfer occurs by addition-fragmentation, the rate consta^^ 

chain transfer (ktr) is defined as follows: 

■where jkadd is the rate constant for addition to the CTA and fc-add and ^he 
rate constants for fragmentation in the reverse and forward directions respectively. 

"Polymer chain" means conventional condensation polymers, such as 
polyesters [for example, polycaprolactone, poly(ethylene terephthalate)], 
35 polycarbonates, poly(alkylene oxide)s [for example, poly(ethylene oxide), 

poly(tetramethylene oxide)], nylons, polyurethanes or addition poljTners such as 
those fwmed by coordination polymerization (for example polyetiiylene, 
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• polypropylene), radyical polymerization (for example poly(meth)aciy^ • 
polystyrcnics or anionic polymerization (for example polystyrene, polybutadiene). 

**Cyclopolymerizable monomers" means compounds which contain 
two or more unsaturated linkages suitably disposed to allow propagation by a 
5 sequence of intramolecular and intermolecular addition steps leading the 

incorporation of cyclic units into the polymer backbone. Most compounds of this 
class are 1,6-dienes such as - dialiyiammonium salts (e.g., 
diallyldimetliylammonium chloride), substituted 1,6-heptadienes (e.g., 6-dicyano- 
1,6-heptadiene, 2M6-tetrakis(ethoxycarbonyl)-l,6-heptadiene) and monomers of 
10 the following generic structure 




where substituents K, K', T, B, B' are chosen such that fte monomer undergoes 
cyclopolymerization. ForexBn^le: 

B, B' are independently selected from the group consisting of H, CH3, 

15 C3^, C02AlkyI, Ph; K, K' are selected from the group consisting of CH2, C=0, 
Si(CH3)2, 0; T is selected from the group consisting of C(E)2, 0, N(Alkyl)2 salts, 
P(Alkyl)2 salts, P(0)AlkyL Additional monomers listed in Moad and Solomon 
•The Cheniistiy of Free Radical Polymerization", Pergamon, London, 1995, pp 
162-170, are also suitable. 

20 •'Ring opening monomers'* are monomers which contain a suitably 

disposed caxbocyclic or heterocyclic ring to aUow propagation by a sequence of 
intermolecular addition and intramolecular ring opening st^ such as those 
described in Moad and Solomon *The Chemistry of Free Radical Polymerization", 
Pei;ganion, London. 1995, pp 171-186. 

25 "Organometallic species" means a moietj' containmg one or more 

metal atoms from Groups ni and N of the Periodic Table and transition elements 
and organic ligands, preferably species, such as, Si(X)3, Ge(X) 3 and SnP£)3 
which provide radical leaving groups and mitiate polymerization, X being a group 
discussed later in the specification. 

30 "Heterocyclic" or "heterocyclyl" means a ring structure containing 3 to 

1 8 atoms at least one of which is selected from 0, N and S, which may or may 
not be aromatic. Exan^les of "heterocyclyl" moieties are pyridyl, furanyl, tiiienyl, 
piperidinyl, pyrrolidmyl, pyrazoyl, benzthiazolyl. indolyl, benzofiiranyl, 
benzothipphenyl, pyraanyl, and quinolyl, optionally substituted witii one or more 

35 of alkyl, baloalkyi and halo groups. 
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"Substituent functionality derived from a substituted or unsubstituted 
heterocycle attached via a nitrogen atom" means the group formed by excising 
monovalent nitrogen (e.g. >NH) from an appropriate nitrogen containing 
heterocycle. Said heterocycles include pyrrolidine, pyrrole, indole, nnidazole, 

5 carbazole, brazinudazole, benzotriazole, piperidine and isatin, all of which may 
be substituted or unsubstituted. For example, in the case of pyrrole, tiie 
substittient functionality is 13-*utadiene-l,4-diyl, and in the case of pyrrolidine it 

isbutane-l,4-diyL 

Unless specified otiierwise, alkyl groups referred to in this 

10 specification may be branched or unbranched and contain fix>m 1 to 18 carbon 
atoms. Alkenyl groups may be branched or unbranched and contain from 2 to 18 
carbon atoms. Saturated or unsaturated or carbocyclic or heterocyclic rings may 
contain from 3 to 18 atoms. Aromatic carbocyclic or heterocydic rings may 
contain 5 to 18 carbon atoms. 

15 "Conjugating group" is one \irtiich provides orbital overly betwcMi 

die OS double bond and tiie lone pair of tije.S-R group, in the case of compounds 
of fbrraula 2 described below, where D=D1, or to tf»e nitrogen lone pair in tije case 
of conqjounds of tiie formula 2, where D=D2, E=E1 tiiereby providing for 
delocalization of tiie associated electrons. Examples of such conjugating groups 
20 are lawvided in tiie subsequent text 

"Substimted" means tiiat a group may be substituted witii one or more 
groups tiiat are independentiy selected from fiie group tiiat consisting of alkyl, 
aryl epoxy. hydroxy, alkoxy, 0X0, acyl, acyloxy, carboxy, carijoxylate, sulfonic 

acid, sulfonate, alkoxy- or aryloxy-carbonyl, isocyanato, cyano, silyl, halo, 
25 dialkylamino, and amido. All substituents are chosen such tiiat tiiere is no 
substantial adverse intwaction under die conditions of tiie experiment 

We have discovered a novel free radical polymerization process and 

novel polymers produced tiierefrom. The process is directed to polymerizing a 
monomer mix in ti» presence of a source of ftee radicals and at least one of 

30 certain sulfur based CTAs chosen so as to confer living characteristics. By 
utiliang fliese CTAs, polymers of controlled molecular weight and low 
polydispersity can be obtained. 

The sulfur based CTAs suitable for use in the present invention have a 
chain mmsfer constants in tiie range of from 0.1 to 5000, preferably in tiie range of 

35 from 1 to 2000 and more preferably in tiie range of from 10 to 500. If tiie chain 
transfer constant of ttie CTA exceeds tiie upper limit of tiie range substantially no 
polymerization occurs, if it falls below the lower limit it is not possible to produce 
polymers having low polydispersity. The CTAs of tiie present invention generally 
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■ • should not copolymerize with monomers during the polymerization process. As a 
result, low polydispersity polymers based on monosubstituted monomers (e.g., 
acrylic monomers, styiraie) can be made under a wide range of reaction 
condidons. 

5 The sulfiir based CTA suitable for use in the present process is of the 

foinniila2below: 

a) 

winein whoi D is Dl of the following formula 3 below: 

.S4-.R 



(3) 



10 then p is m the range of fhanl to 200, Bis rand said transfer «gent is of the 
followhig fenniila4 below: 



s=c \ 



P (4) 

whocem vto D is D2 of the foUowmg formula 5 below: 

— S.-R ■ 

.....(5) 

15 thaip is m die range of fitom 1 to 200, E is El or E2 and said trMsfer agent is of 
the following formula 6 below: 



/S— R 



P (6) 

wherem when D is D3 of die followmg foraiula 7 below: 

S-if 



— X=C- 



p' 



CT) 



II 
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: then is in the range of from 2 to 200, E is Z. El or E2 and said transfer agent is 
of the following formula 8 below: 

S-If 



/X=C- 

s=c 



-Z" 



J • 



P (8) 



or 

5 vvheiehi when D is D4 of the following fommla 9 below: 

— S—R (9) 

thai E is E3 E4 and said transfer agmt is of the following formnla 10: 



E (10) 

where in all of tiie above: 
IQ R is a p-valent moiety derived from a moiety selected from the group 

consisting of a substituted or unsubstituted alkane, substitated or unsubstitoted 
alk«ie. substitated or unsubstituted aiene, unsaturated or aromatic carbocyclic 
ring, unsaturated ot saturated hetraocyclic ring, an organometallic species, and a 
pdymercham, R» bang a free radical leaving group resulting from R tiiat initiates 
15 free radical poiymeiizatian; 

R* and R' aie monovalent moieties mdqwndently sdected from fte 
groiq) consisting of a substituted or unsubstitoted alkyl, , substitated or 
unsubstituted alkenyl, substituted or unsubstituted aryl, unsaturated or aromatic 
carbocyclic ring, unsaturated or saturated heterocyclic ring, substinited or 
20 unsubstitoted alkyltiiio, substitoted or unsubstitoted alkoxy, aibstituted or 

unsubstitoted dialkylamino, an organometallic species, and a polymer chain, R*» 
bong a free radicalleamg group resulting from R* that initiates free radical 

polymerization; 

X is sdected from tiie group consisting of a substitoted or 

25 unsubstituted metihine, nitrogen, and a conjugating group; 

Z' is selected from tiie group consisting of El, E2, halogen, substitated 

or unsubstituted alkyl, substitoted or unsubstitoted alkenyl. substituted or 

12 
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. . unsubstituted aryl, substituted or unsubstituted heterocyclyl, substituted or 

unsubstituted alkylthio, substituted or unsubstituted alkoxycarbonyl, substituted or 

unsubstituted -COOR", carboxy, substituted or unsubstituted -C0NR"2, cyano, 

.P(=0)(OR")2.-P(=0)R"2; 

5 R" is selected from the group consisting of substituted or unsubstituted 

alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted aryh 

substituted or unsubstituted heterocyclyl, substituted or unsubstituted aralkyl, 

substituted or unsubstituted alkaiyl, and a combination tfaeieof ; 

Zn is a p'-valent moiety derived fh)m a moiety selected from the group 

10 consisting of a substituted or unsubstituted alkane, substituted or unsubstituted 

all^e, substituted or unsubstituted arene, substituted or unsubstituted heierocycle, 

a polymer..chain, an otganometallic species, and a combination thereof; 

Z is selected from tile group consisting of a halogen, substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or 
15 unsubstituted aryl, substituted or unsubstituted heterocyclyl, substituted or 

unsubstituted alkylfliio, substituted or unsubstituted alkoxycarbonyl, substituted or 
unsubstituted -COOR", carboxy, substituted or unsubstituted -C0NR"2, cyano, 
-P(=0)(OR")2."P(=0)r2; 

El is a substituent functionality derived from a substituted or 
20 unsubstituted heterocycle attached via a nitrogen atom, or is of the following 
fonnulall: 

^ (11) 

wherein G and J are independentiy selected from the group consisting 
of hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted 

25 alkenyl, substituted or unsubstituted alkoxy, substituted or unsubstituted acyl, 
substituted or unsubstituted aroyl, substituted or unsubstitoted aryl, substituted or 
unsubstimted heteroaiyl, substituted or unsubstituted alkenyl, substituted or 
unsubstituted alkylsulfonyl, substitoted or unsubstituted allg^Isulfinyl, substituted 
or unsubstituted alkylphosphonyl, substituted or unsubstituted aiylsulfonyl, 

30 substituted or unsubstituted arylsulfinyl, substituted or unsubstituted 
arylphosphonyl; and 
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E2 is of the following fonnula 12: 

^o— -G' (12) 

wherein is selected from the group consisting of substituted or 
unsubstituted allqrl, substituted or unsubstituted alkenyU substituted or 

5 unsubstitutedaxyl; 

E3 is of the following fonnula 13: 

)v 

w —III 

•'P (13) 

whweinp*" is betvmai 2 and 2()0,G** is ZT and J* is independently 
sele«ed from the group consisting of hydrogen, substituted or unsubstim^ 
10 substituted or unsubstituted alkenyl, substituted or unsubstitiited alkoxy, 

substituted or unsubstituted acyl, substituted or unsubstituted aroyl, substituted or 
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or 
unsubstituted alkenyl, substituted or unsubstituted alkylsulfonyl, substituted or 
unsubstituted alkylsulfinyl, substituted or unsubstituted aDqrlphosphonyl, 
15 substituted or unsubstituted arylsulfonyl, substituted or unsubstituted aiylsulfinyl, 
substituted or unsubstituted aiylphosphonyl; and 
E4 is of the following fonnula 14: 



^Nd G- 

■'P (14) 

wherein p*" is between 2 and 200 and G'" is Z". 
20 The foregoing CTAs are prepared by the foltowing processes: 

Vinylogous dithioesters may be pr^ared in several ways. For 
example, 3-benzylthio-5,5-<iiniethylcyclohex-2-ene-l-thione is made by a naulti- 

step process. First, pipeiidine is condensed witii 5,5-dimethylcyclohexane-U- 
dione in the presence of a stix>ng acid to fonn enaminokctone, which is then 

25 converted to a tiiione derivative. After tiie addition of benzyl chloride and 

hydrogen sulfide woik-up, tiie 3-benzyltirio-5,5-dimBthylcycl6hex-2-ene-l-tiuone 
is isolated as a purple oil. 
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The preparation qf benzyl 3,3-cii(benzylthio)prop-2-enedithioate. 
another vinylogous dithioester, starts with addition of two moles of caibon 
disulfide to one mole of the Grignard reagent, such as, methyl magnesium 
chloride. Treatment with strong base at low temperature followed by addition of 
5 ben2^1 chloride results in the dithioate, which is an orange solid. 

The thiocarbonylthio compounds with alpha- nitrogen atoms are 
synthesized from the corresponding nitrogen compounds. For example, benzyl 1- 
pyrrolecaibodithioate is prepared by adding pyrrole to sodium hydride suspension 
in dimethyl sulfoxide followed by the addition of caibon disulfide. Benzyl 
10 chloride is added and the product, benzyl l-pyrrolecaibodithioate, is isolated by 
extracdon with diethyl etfaen 

The correspondmg 2-pyirolidineone derivative is prepared in a similar 
manner by starting with pyrrolidone mstead of pynole. 

" Benzyl (l^-benzenedicart)Oxiniido)carbodithioate is prepared by 
carbon disulfide addition to potassium phthalimide. Benzyl chloride is then added 
to conq)Iete the synthesis. 

Bis(thiocarbonyl) disulfides masy be the starting material for other 
dithioate compounds. 2,2*-azobis(2-cyanopn>pane} is tbemially decomposed in 
tiie presence of pyrrole N-tfaiocarbonyl disulfide to produce 2''Cyanoprop-2-yl 1- 
pyrrolecaibodithioate. 2-Cyanobut-2-yl 1-pyrrolecaibodithioate is prepared by the 
same mediod using 2,2*-azobis(2-cyanobtttane) and pyrrole N-thiocaibonyl 
disulfide. 

Benzyl l*imidazolecarbodithioate may be prepared by yet anotbor 
method. Benzyl mercaptan is added to a solution of thiocarbonyldiimidazole in 
25 dichloromethane. The compound is then isolated as a yellow oil. 

The Xanthate derivatives may be prepared by adding the 
corresponding halocompound to potassium 0-ethyl dithiocarbonate. Therefore, 
0-ethyl S-(l-phenylethyl) xanthate is made by adding l-(bromoetfayI)benzene to 
potassium 0-ethyl dithiocarbonate. 0-Ethyl S-(2-ethoxycarbonylprop-2-yl) 
30 xanthate is niade by adding 2-bromoisobutyrate to potassium 0-ebyl 

difiuocarbonate, and 0-ethyl S-(2-cyanoisopropyl) xanthate is made by adding 2- 
bromoisobutyronitrile to potassium 0-ethyl dithiocariK>nate. 

Some of the preferred CTAs include fee following: 

1. Hie CTA which includes DI of the formula 15 below: 
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,...(15) 



whoa El is of the formula 16 below: 



....(16) 

2. The CTA vdiicb includes D2 of fbc fonnula 17 below: 



— CH2 



■ • • • *^ 



17) 



whoi El is of the foimulas 18 - 20 below: 



.....(18) 




. (20) 

10 cn: E2 is of tfie formulas 21 or 22 below: 



F F (21) 



(22) 



3. The CTA vAach includes D2 of 4ie formulas 23 or 24 below: 
CN 



— S- 



> • • • • • •(23) 
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CN 



— S- 



.(24) 



wha El is of the fotmula 2S below: 



.(25) 



4. The CTA which includes D2 of the formulas 26, 27 or 28 below: 
CO2C2H5 



5 



CH3 



CN 



I 



-S~C-CH3 
CH3 



.(26) 



(27) 

..(28) 



10 



15 



wheo E2 is (tf die f ornmla 29 below: 

(29) 

desired, tbe CTA of the fonnula 2 fur&er indades a cyclic structure 
when D is Dl and Z' and E are such that E-C-XsC-Z* forms a ring structure. The 
bridging fiincdonality forms a bridge between Z' and E. When such as a cyclic 
structure is present, Z' and E may not be halogen, methyl or carboxy functionality. 

One of tiie CTAs having the bridging functionality is of the following 
formula 30 below where E, Z' B neopcntylene: 

(X) 

s 




(30) 

The soun» of fiw raUcals smtable for use in the pr^ 
includes those compounds fliat provide free radicals that add to monomers to 
20 produce piopagatmgiadicals. Propagating radicals arc radical species that have 
added one or inore monomer umts and are enable of addmg furter monomer 

units. 
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The amount of the free radical initiator used depends upon the desired 
polydispersity, molecular weight and polymer structure of the resulting polymer. 
However, generally less Aan 10 percent, preferably in the range of from 0.001 to 5 
percent of the free radical initiator is used, all percentages being in weight percent 
S based on the total amount of monomer nuxture. 

The source of initiating radicals may be any suitable method of 
generating free radicals that provide free radicals that add to monomers to 
produce propagating radicals. This includes such sources as the themally induced 
hemolytic scission of a suitable compound(s) (such as peroxides, peroxyesters, or 

10 azo compounds), the spontaneous generation from monomer (e.g. styrene), redox 
initiating systems, photochemical initiating systems or hig^ energy radiation such 
as election beam, X- or Y-radiation. Tbe mitiating system is chosen such that 
under flie reaction conditions there is no substantial adverse interaction of the 
initiator or tbe initiating radicals with the transfer agotit under the conditions of the 

15 e)^riment The initiator should also have the requisite solubility in the reaction 
medium or monomer mixture. 

Examples of suitable sources of free radicals for the process include 
azo compounds and peroxides such as: 

2;2 -azobis(isobutyronitrile), 2,2*-a2obis(2-cyano-2-butane), dimeA^^ 

20 2,2 -a2obis(methyl isobutyrate), 4,4 -azobis(4-cyanopentanoic acid), 4,4 -a2obis(4- 
cyanopentan-l-ol). l,r-a2obis(cyclohexanecarbonitrile),2-(t-butylazo)-2- 
cyanopropane,2,2-azobis[2-methyl-N-(l,l)-bis(hydoxymethyI)-2-hydroxyethyl] 
propionamide, 2,2 "a2obis[2-methyl-N-hydroxyethyl)]-propionamide, 2,2 - 
azobisCNjr-dimethyleneisobutyramidine) dihydrochloride, 2,2-azobis(2- 

25 amidinopropane) dihydrochloride, 2,2 •azobis(N,N'-dimethyleneisobutyrainine), 
2,2-azobis(2-methyl-N-[l, l-bis(hydroxymetijyl)-2-hydroxyetfayl] propionamide), 
2,2'-azobis(2-methyl-N-[ 1 , 1 -bis(hy droxymefliyl) ethyl] propionamide), 2,2 - 
a2obis[2-metbyl-N-(2-hydroxyethyl) propionamide], 2,2-azobis(isobutyramide) 
dihydrate, 2,2-a2X)bis(2,2,4-trimethylpentane), 2,2'-a2obis(2-methylpropane), t- 

30 butyl peroxyacetate, t-butyl peroxybenzoate, t-butyl peroxyoctoate, t-butyl 
peroxyneodecanoate, t-butylperoxy isobutyrate, t-amyl peroxypivalate, t-butyl 
peroxypivalate, di-isopropyl peroxydicarbonate, dicyclohexyl peroxydicarbonate, 
dicumyl peroxide, dibenzoyl peroxide, dilauroyl peroxide, potassium 
peroxydisulf ate, ammonium peroxydisulfate, di-t-butyl hyponitrite, or dicumyl 

35 hyponitrite. 

Free radicals may also be generated thermally from the monomer (e.g. 
styrene), by photochemistry, from redox initiation systems or by a combination of 
these metiiods. 
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Photochemical initiator systems are chosen to have the requisite 
solubility in the reaction medium or monomer mixture and have an appropriate 
quantam yield for radical production under the conditions of &e polymerization. 
Exanq)les include benzoin derivatives, benzophenone, acyl phosphine oxides, and 
5 * photo-redox systems. Such processes where free radicals are derived by direct 
photolysis of the compound of formula 2 where D=C2 and E=£ I or E2 are not 
part of this invention. 

Redox initiator systems are chosen to have the requisite solubility in 
the reaction medhim or monomer mixture and have an appropriate rate of radical 
10 production under the conditions of the polymerization; these mitiating systems 
may include combinations of tiie following oxidants and reductants: 
oxidants: potassium peroxydisulf ate, hydrogen peroxide, t-butyl 
hydroperoxide. 

reductants: iron (II), titanium (m), potassium thiosulfite, potassium bisulfite 
15 Other suitable initiating systems are described in recent texts. See, for example, 
Moad and Solomon The Cliemistiy of Free Radical Polymerization", Pergamon, 
London, 1995, pp 53-95. 

A monomer mix suitable for use in tiie present invention may include 
at least one vinyl monomer of the formula 31 below: 



CH2=i 




20 " (31) 

where L is selected from the group consisting of hydrogen, halogen, 

and substituted or unsubstituted C1-C4 alkyl, said alkyl substitucnts being 

independentiy selected from flie group consisting of OH, OR", CO2S. O2CR", 

CO2R" and a combination fliereof; 

25 whwe M in flie formula 3 1 is selected from the group consisting of 

hydrogen, r, CO2H, COiR", COR", CN, CONH2, CONHR", C0NR"2. 02CK\ 
OR", and halogen. 

R*' is as defined above. 

Depending upon the type of polymer desired, the monomer mix may 

30 also include the following monomers: 

Maleic anhydride, N-aDcylmalehnide, N-arylmaleinwde, dia^^ 

fumarate, cyclopolymerizable or a ring opening monomer, or a combination 
thereof. The monomer mix may also include macromonomers, which are 
compounds of ti)e formula 3 1 where L or M is a polymer chain. 
35 The monomers or comonomers of the formula 3 1 generally include 

one or more of acryiate and methacrylate esters, acrylic and methacry lie acids, 
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styrene, acrylamide, methacrylamide, acrylonitrile, methacrylonitrile, vinyl esters 
and mixtures of these monomers, and mixtures of these monomers with other 
monomers. As one skiUed in the art would recognize, the choice of comonomers 
is determined by their steric and electronic properties. The factors which 
5 detramine copolymerizability of various monomers are well documented in the 
art Forexaixq>le,see: Greenley, ILZ. m Polym^ Handbook 3rd Edition 
(Brandup. J., and Immergut, E.E Eds.) Wiley: New York, 1 989 p IL'53. 

The specific monomers or comonomers of the formula 3 1 include one 
or more of the following: 

10 methyl methacrylate, ethyl methacrylate, propyl methaciylate (all 

isomers), butyl methaciylate (all isomers), 2-ethyIhexyl methacrylate, isobomyl 
methaciylate, methacrylic acid, benzyl methacrylate, phenyl methacrylate, 
methaciylonitrile, alpha-methylstyrcne, methyl acrylate, ethyl acrylate, propyl 
aaylate (all isomers), butyl acrylate (all isomers), 2-ethylhexyI acrylate, isobomyl 

15 acrylate. acrylic acid, benzyl acrylate, phenyl acrylate, acrylonitrile, styrene, 
functional mediaciylates, acrylates and styrenes selected fix>m glycidyl 
methacrylate, iz-hydroxyetfiyl methacrylate, hydroxypropyl methacrylate (all 
isomers), hydroxybutyl methacrylate (all isomers), methyl ot- 
hydroxymethyacrylate, ethyl a-hydroxymethyacrylate, butyl a- 

20 hydroxymethyacrylate, NJ^-dimethylaminoefliyl methacrylate, NJS[- 

diethylaminoetiiyl methacrylate, triethyleneglycol methacrylate, itaconic 
anhydride, itaconic acid, glycidyl acrylate, 2-hydroxyethyI acrylate, 
hydroxypropyl acrylate (all isomers), hydroxybutyl acrylate (all isomers), N,N- 
dimethylaminoethyl acrylate, N,N-dieaiylaminoethyl aciylate, triethyleneglycol 

25 acrylate, methacrylamide, N-methylacrylamide, N,N-dimethylacrylamide, N-tert- 
buQrlmetfaacrylamide, N-n-buQ^knetliacrylamide, N-methylolmethacrylamide, N- 
ediylolmethacrylamide, N-tert-butylacrylamide, N-n-butylacrylamide, N- 
methylolacrylamide, N-ethylolacrylamide, vinyl benzoic acid (all isomers), 
diethylaminostyrene (all isomers), alpha-methylvmyl benzoic add (all isomers), 

30 dietbylamino alpha-methylstyrene (all isomers), p-vinylbenzene sulfonic acid, p- 
vinylbenzene sulfonic sodium salt, trimetfaoxysilylpropyl methacrylate, 
tiiethoxysilyipropyl methacrylate, tributoxysilylpropyl methacrylate, 
dhnethoxymethylsilylpropyl methacrylate, diethoxjmiethyl- 
silylpropylmethacrylate, dibutoxymethylsilylpropyl methacrylate, 

35 diisopropoxymethylsilylpropyl methacrj'late, dimethoxysilylpropyl methacrylate, 
diethoxysilylpropyl methacrylate, dibutoxysilylpropyl methacrylate, 
diisopropoxysilylpropyl mefcacrylate, trimethoxysilylpropyl aciylate. . 
triethoxysilylpropyl acrylate, tributoxysilylpropyl acrylate. 
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dimethoxymethylsilylpropyl aciylate, diethoxymethylsilylpropyl acrylate, 
dibutoxymethylsilylpropyl aciylate, diisopropoxymethylsilylpropyl aciylaie, 
dimethoxysilylpropyl acrylate, diethoxysUylpropyl aciylate, dibutoxysilylpropyl 
acrylate, diisopropoxysilylpropyl acrylate, vinyl acetate, vinyl butyrate, vinyl 
5 benzoate, vinyl chloride, vinyl fluoride, vinyl bronude, maleic anhydride, N- 
phenylmaleimide, N-butylmaleimide, N-vinylpyrrolidone, N-vinylcarbazoIe, 
butadiene, isoprene, chloroprene, ethylene and propylene. 

Other suitable monomers include cyclopolymerizable monomers such 
as those disclosed in International Patent Application PCT/AU94/00433 or Moad 
10 and Solomon *The demistiy of Free Radical Polymerization", Pergamon, 

London, 1995, pp 162-171 and ring openmg monomers such as diose described in 
Moad and Solomon *The Chemistty of Free Radical Polymerization", Pergamon, 
London, 1995, pages 171-186. 

" The polymer resulting from the process of die preset invention is of 
15 the following formula 32: 

P (32) 

where n is apositive integer in the range of firom 1 to 100,000, preferably in tiie 
nmgp of £roro 5 to 10000 and more preferably m the range of from 10 to 1000. Q 
k the formula 32 and the f onnulas below is a repeat unit derived firom a monomer 
20 selected the group consistmg of maleic anhydride, N-alkyhnaleinude,N- 
aiylmaldmide, dialkyl funuuiOe, cyclopolymerizable monon^ 
monomer, a nwcromonomer, a vinyl monomer of formula 3 l(when Q" will have 
stxuctuie33) 

L 

I 

M (33), 

2S and a combination thereof; 

wherein L is selected from the group consisting of hydrogen, halogen, 
and substituted or unsubstituted C1-C4 all^'l, said alkyl substituents being 
independently selected fix)m the group consisting of OH, OR", CO2H, O2CR", 
CO2R" and a combination thereof ; 
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wherein M is selected from fte group Consisting of hydrogen, R^^^ 

CO2H, CO2R". COR'\ C3^, CONH2, CONHR'\ C0NR"2, 02CR". 0R% and 

halogen; and 

R** is as defined above. 
S Ainthefonnula32isof the formula 34 below, when D is Dl and E is 




• ••••• c^S^^ 

" Thus, when p=l the resulting polycoer will comprise a mixture of the 
isomers shown in formula 35 below: 

-Z ^ T. 



r 





10 E E (35) 

Alternatively, A is of tiie formula 36 below when D is D2 and E is El: 

c =s 

3 (36) 

. Thus, when p=l, the resulting polynier is of the fcmrn^ 

N. ■ 

15 J .....(37) 

In yet another embodimrat, A is of the fonoula 38 below when D is 
D2andEisE2: 

\ 
C r=rS 

^ (38) 
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Thus, when pslt the resulting polymer is of the formula 39 below: 
R-f Q"4s c=S 

G (39) 

AnoAer type of polymer resulting from the process of invention has 
S the following formula 40 (the product will be a mixture of isomers).: 

f 



s — c==x- 



J 




j p. 



....(40) 

whae n is a posidve integer m the raige of from 1 to 100,000, ioid D is D3 and E 
isZ,ElorE2 

10 SdUolber^pes of polymer tesdtiQgfr(mitiie process of invention has 

theibnnula41 OT41a: 



S C N- 



-•P ....(41) 

where n is a positive integer in tiie range of from 1 to 1 00,000, and D is D4 and E 



isE3. 
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-| 0--G 

S 



•^P ....(41a) 

where n is a positive integer in the range of from 1 to 100,000, and D is D4 and E 
isB4. 

In die context of the present invention, low polydispersity polymers 
are those with polydispersities that are significantly less than those produced by 
20 conventional free radical polymerization. In conventional free radical 

polymerization, polydispersities of the polymers formed are typicaUy in the range 
1.5 to 2.0 at low monomer conversions in the range of from 0.1 % to 10% and are 
substantially greater in the range of from 2 to 10 at higher monomer conversions 
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in the range of from 10 % to 100%. Polymers having low polydispersity in the 
range of from 1 .05 to 1.5 are preferred. Those having the polydispersity in the 
range of 1.05 to 13 are more preferred. Moreover, one of the significant 
advantages of the process of the present invention is that the foregoing low 

5 polydispersity can be msuntained even at high monomer conversions of in the 
range of from 10% to 100%. 

However, it should be understood, it is also possible, if desired, to 
produce polymers with broad, yet controlled, polydispersity or multimodal 
molecular weight distribution by controlled addition of the CTA over the course 

10 ofthe polymerization process of the present invention. 

The invention can be used to narrow the polydispersity of polymm 
formed in polymmzations that would otherwise produce polymers of broad or 
veiy broad polydispersities. In this circumstance a preferred polydispersity is one 
which is less than that formed in the absence of the CTA . 

15 While not wishmg to be limited to any particular mechanism, it is 

believed that the mechanism of the process is as summarized in Scheme 1 below. 
Propagating radicals Pn» are produced by radical polymerization. These can react 
reversibly with the chain transfer agent RA to form an intermediate radical 
Pn A(*)R which fragments to give a radical R* (which adds monomw to remitiate 

20 polymerization) and a new transfer agent PnA. This new transfisr agent Pn A has 
similar characteristics to the original transfix agent RA in that it reacts with 
another propagating radical Pm* to form an intermediate radical PnA(*)Pm which 
fragments to regenn'ate Pn* and form a new transfer agent P^A which has similar 
characteristics to RA. This process provides a mechanism for chun equilibration 

25 and accounts for tiie polymerization having living characteristics. 
Scheme 1: 

monomers initiator ^ ^ Pn* 

Pn* + R-A ^ ^ • Pn-A-R ^ ^ Pn^A + R» 

Pm" + Pn-A ^c— ^ Pm-A-Pn^=^=^ Pm-A + P„* 
Pn* and Pm* are propagating radicals of cham length n and m 
respectively. R» is a chain transfer agent derived radical which can initiate 
30 polymerization to produce a new propagating radical. RA, PnA and PmA are 
CTAs. 

The molecular weight and the polydispersity of the polymer made by 
the process of the present invention are controlled by one or more of the 
following: 
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The polymerization conditions are selected to niininiize the number of 
chains formed from initiator-derived radicals to an extent consistent with 
obtaining an acceptable rate of polymerization. Termination of polymerization by 
radical-radical reaction will lead to chains which contain no active group and 
5 therefore cannot be reactivated. The rate of radical-radical termination is 
proportional to the square of the radical concentration. Furthermore, in the 
synthesis of block, star or bribed polymeis, ehams fx^rmed from initiaior- 
derived radicals will constitute a linear homopolymer impurity in the final 
product These reaction conditions therefore require caiefiil choice of the initiator 
10 concentration and, where appropriate, the rate of the mitiator feed. 

It is also desirable to duoose olber components of ifae polymerization 
medium (for example, the solvents, surfiu^tants, additives, and initiator) such that 
tbsy have a low transfer constant towards the propagatmg radical. Chain transfer 
to these species will lead to the fonnation of chains which do not contam the 
15 active group. 

As a general pide in choosing conditions for the polj^merization of 
narrow polydispersity polymers, the concentration of mitiator(s) and other reaction 
conditions [solvent(s) if any, reaction temperature, reaction pressure, surfactants if 
any, other additives] should be chosen such that the molecular weight of polymer 
20 fomtied in the absence of the CTA is at least twice that fornied in its pr^ In 
polymerizations where radical-radical tennination is solely by disproportionation, 
this equates to choosing an initiator concentration such that the total moles of 
initiating radicals formed during the polymerization is in the range of 0.000001 
times to 0^ times &at of the total moles of CTA. More preferably, conditions 
25 should be chosen such that the molecular weight of polymer formed in the absence 
of the CTA is at least 5-fold that formed m its presence ([initiating 
radicals]/[CTA]<02). 

Thus, by varying the ratio of the total number of moles of the CTA to 
the total number of moles of the free radical initiator added to a polymerization 
30 medium, Ae polydispersity of the resulting polymer is controlled. Thus, by 
decreasmg the foregoing ratio, a polymer of lower polydispersity is obtained and 
by increasing the ratio, a polymer of higher polydispersity is obtained 

With fliese provisos, tiie polymerization process according to die 
present invention is performed under the conditions typical of conventional free- 
35 radical polymerization. Polymerization employing fiie CTAs of iht present 

invention is suitably carried out witii temperatures during the reaction in tiie range 
-20 ''C to 200 preferably in the range 40 tol60 ''C. 
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Unlike, a conventional free radical polymerization process, the 
molecular weight of the resulting polymer by the process of the present invention 
generally increases in a predictable and linear fashion, and may be estimated in 
accordance with the following relationship: 

5 

^MtA, [Moles of monomer consumed] K^iiAf j_m\ai 

where MWprod is the number average molecular weight of the isolated polymer, 
MWjnon is molecular wei^t of the monomer and MWcta is the molecular 
10 wdght of the CTA. The foregoing expression applies under reaction conditions 
where the number of initiator-derived chains is less than 10 percent with respect to 
totfd chains and when the added CTA is completely reacted More complex 
expressions may be derived to enable prediction of the molecular weight in other 
ckcumstances. 

15 By way of illustration, consider the data provided in Examples 1 9 

and 20. A close correspondence is seen between molecular weights calculated 
according to ttie above equation and those found experimentally. 



MWprod 


fracticnul 


moles 


moles CTA 


MWprod 


(fomuO 


ccmvnsion 


monomer 




(calc) 






consumed 






37257 


0.31000 


0.017230 


4.0952e-05 


36393 


97127 


0.89000 


0.049467 


4.0952e-05 


104090 


110910 


0.91000 


0.050579 


4.0952e-05 


106430 


3381.0 


0.22000 


0.012228 


0.00040952 


2777.9 


5952.0 


0.47000 


0.026123 


0.00040952 


5695.9 


8762.0 


0.74000 


0.041130 


0.00040952 


8847.4 



20 The process of this mvention can be carried out in emulsion, solution 

or suspension in either a batch, semi-batch, continuous, or feed mode. Oth^wise- 
conventional procedures can be used to produce narrow polydisp^ity polymers. 
For lowest polydispersity polymers, the CTA is added before polymerization is 
conomenced. For example, when carried out in batch mode in solution, the reactor 

25 is typically charged wifli CTA and monomer or medium plus monomer. To the 
mixture is then added the desired amount of initiator and the mixture is heated for 
a time which is dictated by the desired conversion and molecular weight 
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Polymers with broad, yet controlled, polydispersity or with 
multimodal molecular weight distribution can be produced by controlled addition 
of the CTA over the course of the polymerization process. 

In the case of emulsion or suspension polymerization tiie 

5 polymerization medium will often be predominantly water and the conventional 
stabilizers, dispersants and other additives can be present. 

For solution polymerization, tiie polymerization medium can be 
chosen from a wide range of media to suit the monomer(s) bemg used. For 
example, aromatic hydrocarbons, such as, petroleum naphtha or xylenes; ketones, 

10 such as, nnethyl amyl ketone, methyl isobutyl ketone, methyl eftyi ketone or 
acetone; esteis, such as, butyl acetate or hexyl acetate; and glycol etii^ esters, 
such as, propylene glycol monomethyl ether acetate. 

As has already been stated, tiie use of feed polymerization conditions 
allows theruse of CTAs with lower transfer constants and allows tiie synthesis of 

15 polymers that are not readily achieved using batch polymerization processes. If 
the polymerization is carried out as a feed system the reaction can be carried out as 
follows. The reactor is charged with die chosen polymerization medium, the CTA 
and optionally a portion of the monomer mixture. Into a separate vessel is placed 
the remaining monomer mixture. The ftee radical initiator is dissolved or 

20 suspended in polymerization medium m another separate vessel. The medium in 
tiie reactor is heated and stirred while the monomer mixture + medium and 
initiator + medium are introduced, for exaniple by a syringe pump or otiier 
pun^mg device. The rate and duration of feed is determined largely by tiie 
quantity of solution, the desired monomer/CTAMtiator ratio and tiie rate of tiie 

25 polymerization. When the feed is complete, heating may be continued for an 
additional period. Sequential addition of different monomers will give a block or 
gradient copolymer. 

Following completion of tiie polymerization, tiie polj^ner can be 
isolated by stripping off tiie medium and unreacted monomer(s) or by precipitation 

30 witii a non-solvent Alternatively, tiie polymer solution/emulsion can be used as 
such, if appropriate to its application. 

The process of tiie preset mvention is compatible with a wide variety 
of monomers and can be used under varied reaction conditions to produce 
polymers having low polydispersity. By varying the rate of monomer(s) addition 

35 or by varying tiie sequence in which tiie monomer(s) may be added to the 
polymerization medium, tiie process present invention may be used to produce 
block and multi-block and gradient polymers. By selecting tiie functionalities 
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desired, an end-fimcdonal polymer of specific end functionalities can be readily 
produced. 

Examples of CTAs of the formula 6 whid) are precursors to graft 
polymers of formula 32, vidiich include cc^lymras and/or xanthate or 
5 didiiocaifoamatB derivative of the following formula 42: 




9"S 

E ...(42). 

when in the formula 32, p s n and R is of the following formula 43: 

10 




CH2 

' ...(43) 

Examples of CTAs contaliung functionality attached to a common 
mcleus are described below. 

When in the formula 6 p=2, R= p-xylylene, the CTA is of die formula 

15 44 below: 

E-0-S-CH?/~yCH2S-0-E 

^-^ ...(44),and 
and when m the formula 10, p"'= 2, E=E4, G"' = p-phenylene then ihe CTA is of 
tiie formula 45 below: 

R-S-0-0--V>-0-C-8-R 
20 ^ ...(45) 

The compound the following formula (46) will provide a star 
polymer, as shown below: 
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When is die fonnula 6. p=4 and R is of the following f onnula 47 below: 



N 




5 The polydispeisity obtained under a given set of reaction conditions is 

semitive to the value of the tnmsfer constant (Qr). Lower po 
resuh fitoni the use of CTAs with higher transfer constants. Accord 
above medianism, the chain transfer activities of the reagents (RA, Pn A and 
PmA) will be detennined by the reactivity of the OS double bond and by the xate 

10 of fragmentation and the partitioning of &e intermediate radicals between starting 
materials and products. 

Mtiller et al. have derived relationships which enable polydispersities 
to be estunated for polymerizations which involve chain equilibration by 
rcvOTible chain transfer (MflUer, AJHJB.; Zhuang, R.; Yan, D.; Litvenko, G. 
IS Macromolecides,2li,4326{l99S)) 



to full conversion m the situation where the number of initiator-radical derived 
chams is small with respect to total chams and tiiere are no side reactions. This 
relationship suggests that die transfer constant should be greater than 2 to obtain a 
polydispersity < li in a batch polymerization. 
25 For a feed polymerization m which the monomer concentration is kept 

constant by continual replenishment, Miiller et al. suggest tiiat the foUowmg 
relationship should hold (Miiller, A. H. R; Litvenko, G., Macromolecules 30, 
1253(1997)): 



Mw/Mn=l + 1/Qr 



20 



Where Qr is tiie chain transfer constant. 

This above relationship should apply to batch polymerizations carried 
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Mw/Mn = 1 + (2/DPn) (l/Qr) (IM]/[CTA]) 
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Where Qr is the cham transfer constant and DPn is the degree of polymeriialion 
of product. 

A pos^le mechanism of Ihe addition-fragmentation stesp, without 
S reliance lh««on, for fte case of coinpotmds of the foiniula 2 where D is Dl is as 

follows: „ ^ „ « 

S-R S-R 

The foregoing proposed mechanism is in accord with experunental 
observations. Accordmg to ttiis mechanism, the X group may in prindple be any 
Id gtoq) which maintains conjugation between the C=S and the S-R groups. Some 
possible stnictures are included in the foUowing formulas 48-50^ 



^^^^ 



15 



Z ...(48) 2 ...(49) 

Xssmettune Xssnbstituted meOine . 

Z ...(50) 
Xsnitrogen 

Other examples of CPAs widi conjugating groups are of the following 
formnlas 51-53 below: 




20 2 ...(51) 
Xs pora-phmy lenemettiine 



S-R 



W ..(52) 
Xb orf to-phenylenemethine 




...(53) 



Xsallylene 
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Structures containing multiple alkylthio groups allow the synthesis of 
polymers of more complex architecture. For example the foDowing compound 
can give rise to a three arm star 54 as follows: 

Ch/"''"''' S^CHaPh 
- S=(( ^CHaPiT*- g^/^^s^cHaPh 
5 S^^^'^^CHgPh (54) 

Sequential addition of monomers will give rise to block copolymers. 
It will be clear to those skilled in the art that to be effective as a CTA 
in the prcsMit invention, the group R of the CTA must be both a free radical 
leaving group and a species that initiates free radical polymerization. Leaving 
10 group ability is determined both by st^c factors and by radical stability. 

Examples of preferred R groups for the CTA axe benzyl derivatives (-CR* "2Ph) 
and cyanoalkyl derivatives ('€R*"2CN) and otiier moieties known to die art as 
free radical leaving groups. 

The leaving group ability of R* will also be determmed by the nature of 
15 the prq>agating species formed in the polymerization. For example, in styrene 
polymerization, R is preferably selected from the group consisting of benzyl, 1- 
phenylethyl. 2-phenylpropyl. 2-<alkoxycarbonyl)prop-2-yl, 2<yanopro^ 
cyanobut-2-yl, and 1 -cy anocyclohexyl. In metiiy 1 methacrylate polymerization R 
is preferrably selected from the group consisting of 2-phenylpropyl, 2-cyanoprop- 
20 2-yl, 2-cyanobut-2-yl, and 1-cyanocyclohexyl. In vinyl acetate polymerization R 
is prrferrably selected fiwm the group consisting of 2-(alkoxycarbonyl)prop-2-yl, 
cyanomefliyl, 2-cyanoprop-2-yl, 2-cyanobut-2-yl, and l-cyanocyclohexyl. 

To avoid retardation die R"*, substituents should be chosen such that 
R* gives facile addition to die monomer. In titis context, the prefeired R'" groups 
25 are independendy selected from the group consisting of hydrogen and substituted 
alkyl. The ability of R» to initiate polymerization will be determined by the nature 
of the monomers used in the polymerization. In polymerization of styrene and 
methaciylates benzyl derivatives (-CR'^jPh) and cyanoalkyl derivatives (« 
CR'^aCN) are effective. However, in vinyl acetate polymerization benzyl 
30 derivatives (-CR"*2Ph) are slow to initiate polymerization, and retardation may be 
observed, but cyanoalkyl derivatives (-CR^'aCN) and die corresponding esters (- 
CR'"2CQ2AllgfI) arc effective. 

In polymerizations of (meth)aaylates and stj'rene, we have discovered 
that ditiiiocarijamate CTAs (formula 2, D=D2. E=E1) widi conjugating or 
35 electron withdrawing substituents at the dithiocari}amate nitrogen are substantially 
more effective dian ditiiiocarbamate derivatives witii simple alkyl substituents. 
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Thus, the preferred groups in El for this application arc aromatic 
nitrogen heterocycles where G-N-J forms part of aromatic cyclic group, such as 
those of the following formulas 55 and 56 below: 

5 ^...(55) '^'^..•(56) 

pyrroles imidazoles 
and groups in El such as cyclic anudes where G-N-J forms part of a non-aromatic 
cyclic group witfi substituent such as oxo conjugated to nitrogen as in the 
following formulas 57-59 bdow. 

ii^ 

jQ *^^^"...(57) ...(58) "^...(59) 

lactam inside phtfaalimides 

One possible explanation for the greater acd^Qf of the above 
ditfiiocaibamates is in terms of a higher reactivity of the OS double bond towards 
ftee radical addition. This is attributed to the effect of the conjugating or electron 
15 witbdmwing substituents giving greater double bond character to the C^S double 
bond. 

In carbamates and amides the N-CO link has partial double bond 
character as a result of the delocalisation of the non-bonded nitrogen lone pair 
with the p electrons of carbonyl group Peslongchamps, P. Stercoelectronic 
20 effects in organic chemistry, Pergamon Press, NY, 1983). As a result, the oxygen 
of the carbonyl group has a partial negative charge. Since sulfur has a higjier 
electron affinity than oxygen, this effect would be expected to be more 

pronounced in ditfaiocarbamates. 

25 If the nitrogen lone pair participates in an alternate n-sy stem (e.g. the 

aromatic pyrrole ring) ttie lone pair will be less available for delocalization into 
the thiocarbonyl bond resulting in a greater double bond character for the C=S 
double bond and hence a greater reactivity of the CTA towards radicals. 

Similar considerations apply m &e case of xanthate esters. We have 

30 found that effectiveness of xanthate ester CTAs (formula 2, D=D2, E=E2) in 
providing low polydispersity polymers in acrylate polymerization increases m the 
serieswhereG' is-OEt < -OCeHs <C6F5-. 
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The transfer constants of dithiocarbamate and xantfaate derivatives 
(compounds of formula 2 D=D2. E= El or E2 repectively) are strongly dependent 
on the monomer used. Thus dithiocarbamate and xanthate derivatives of formula 2 
with D=D2 and E=E1 or E2 wherein G, J, and G' are independently selected from 
5 the group consisting of substituted or unsubstituted allcyl, substituted or 
unsubstituted alkylene, substituted or unsubstituted aryl, substituted or 
unsubstituted heterocyclyl have relatively low transfer constants in polymerization 
of metiiacrylate or styrene monomers and are not effective in giving narrow 
polydispersity polymers in batch polymerization of such monomers. 
10 However in polymerization of vinyl acetate, vinyl butyrate, vinyl 

benzoate, vinyl chloride, vinyl bromide, vinyl fluoride, N-vinylpyrolidone, N- 
vinylcaibazole and similar vinyl monomers tiiese ditiiiocarbamate and xanthate 
derivatives (compounds of formula 2, D=D2, E= El or E2) have higher transfer 
constants enabling low polydispersity polymers to be achieved. Preferred CTAs 
15 for use with these vinyl monomers include compounds of formula 2 with D=D2 
and E=E1 or E2 wherein G, J, and G' are independentiy selected from tiie group 
consisting of substituted or unsubstituted alkyi,substituted or unsubstituted 
alkylene, substituted or unsubstituted aryl, substimted or unsubstituted 
heterocyclyl, or when E^l, G-N-J forms part of a non-aromatic cyclic group. 
20 The invention has wide applicability in tiie field of free radical 

polymerization and can be used to produce polymers that are suitable for use in 
compositions for coatings, including automotive OEM and refinishes, as primers, 
basecoats, undercoats, overcoats and clear coats. The polymers are also suitable 
for use in compositions for niamtenance finishes for a wide variety of substrates 
25 such as steel, copper, brass and aluminum or non-metallic substrates, such as, 
wood, leaflier and concrete. 

A coating composition containing die polymer prepared by the process 

of the present invention may also contain conventional additives, such as, 
pigments, stabilizers, flow agents, toughening agents, fillers, durability agents, 

30 conosion and oxidation inhibitors, riieology control agents, metallic flakes and 
ober additives. Such additional additives will, of course, depend on the intended 
use of die coating composition. Fillers, pigments, and other additives that would 
adversely effect the clarity of the cured coating will not be included if the 
oon^sition is intended as a clear coating. 

35 Block and star, and branched polymers can be used as compatibilizers, 

thermoplastic elastomers, dispersing agents, flocculants. surfactants, rheology 
control agents or as additives to modif>^ tiie surface properties of bulk polymers 
and plastics. Additional applications for polymers of the invention are in tiie 
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fields of imaging, electronics (e.g., photoresists), engineering plastics, adhesives, 
sealants, paper coatings, printing inks, and polymers in general. 

The invention can also be applied to the controlled grafting of polymer 
chains onto solid polymers or surfaces for the purpose of controlling 
5 bioconqiatibOity, biostability, hydrpphilicity, hydrophobiciQ^, adhesion or friction. 

EXAMPLES 

Monomers were purified (to remove mhibitors) and flash distilled 
immediately prior to use. De^sing was accomplished by repeated freeze- 
evacuate-thaw cycles. Once degassing was complete ampoules were flame sealed 
10 xmder vacuum and completely submerged in an oil bath at the specified 

temperature for the specified times. The percentage conversions were calculated 
gravimetrically. 

Examples 1-6 illustrate the synthesis of thiocaibonylthio compounds 
witfi an a-^trogen substituent (dithiocarbamates formula 2, I>=^2, 



15 



20 



S— CH2Ph 



(60) D = D2, R =*enzyl; E = El = 1 -pyixolyl 
O O 

— CHaPh r ]^>J-i— S— CHaPh 




25 



(61) 

Ds:D2.R=benzyl; 

E = El B l-(pyirolidin-2-onyl) 



(63) 

D = D2, R =2-cyanoprop-2-yl 
BasElsl-pyrrolyl 



(62) 

D = D2,R=benzyl; 
EsElsN-phtfaalimidyl 




(64) 

P = D2, R =2-cyanobut-2-yl 
E = E1« 1-pynolyl 



30 



CHzPh 



(65) 



D s= D2, R =benzyl; E » El = 1-itnidazolyI 



\ ! 



-CN 



N— C—S— CHaPh 



34 



wo 99/31 144 



PCT/US98a6428 



(66) 

D = D2, R =2-cyanoprop-2-yl 
E=El,G=:J=s methyl 



D = D2,R=benzyl 
E = E1;G=J=: ethyl 



(67) 




l-S-CHaCN 




COaEt 



(68) 

D B D2, R scyanometfayl; 



(69) 

D = D2, R=2-(ethoxycarbonyI)prop-2-yl; 



E = El « l-(pynolidin-2-onyl) E = El; G s= Ja efliyl 
10 

Procedure 1 

Prepardibnofb&tzylhpy^ 

Pyrrole (134 g, 20 mmol) was added dropwise to a stiired suspension 
of sodium hydride (0.48 g, 20 mmol) in dimethyl sulfoxide (20 inL). On 

15 completion of addition the resulting brown solution was stirred at room 
tenq)erature for 30 minutes before the addition of caibon disulfide (1 .52g, 20 
mmol). The solution was allowed to stir at room temperature for a further half 
hour and benzyl chloride (2.S3g, 20 mmol) added. Water (20 mL) was added after 
1 hour followed by diethyl ether (20 mL). The organic layer was separated and the 

20 aqueous layer extracted with diethyl etiier (2x20 mL). The combined extracts 
were dried witii magnesium sulfate, fdtered and Ae solvent removed. The crude 
product was chromatographed using 5% ethyl acetate in petroleum spirits to 
isolate the product as a yellow oil (234 g, 50%). ^H-nmr (CDOs) 5 4.60 OS), 
630(ZH)J.40(5H).7.70(2H). 13c.Mnr(CDa3)541.7, 1142. 1^^^^^^ 

25 128.8.129.4,135.0,189.0. 

Example 1 

Preparation of hen^l h(2^pyrroMnom^ 



30 of l-(2-pyrrolidinone)caiboditfaioc acid (0.97g. 6.02 mmol) and potassium 
caibonate (0.84g. 6.09 mmol) in absolute etiianol (10 niL) at room temperature. 
The resulting mixture was stirred at room temperature for tiiree hours. Water (25 
mL) was added, tiien extracted witii etiiyl acetate (3x20 mL). The combined 
organic layer was dried over anhydrous sodium sulfate. After removal of solvent. 



Benzyl chloride (0.8 g, 6.35 mmol) was added to a suspension solution 
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the residue was subjected to column chromatography (Kieselgel-60, 70-230 mesh) 
using n-hexane initially (to remove unreacted benzyl chloride) and then with ethyl 
acetate/n-hexane 3:7 as eluent. The title compound, benzyl l-(2- 
pyrrolidinone)carbodithioate (61) (Llg, 73%) was obtained as a bright yellow 
5 solid, m.p. 57-58°C. iH-nmr (CDCI3) 6 2, 1 1 (ddt. 2H), 2.73 (t, 2H). 4.25 (dd. 
2H). 4.40 (s, 2H) and 7.20-7.40 (m. 5H). 

ExampleZ 

Preparation of benzyl (l,2^benzenedwarboximido)cariodUhioate (Gt) 

Caibon disulfide (1.0 g, 13.1 mmol) was added slowly over ten 
10 mmutes to a suq^ension of potassium phdialimide (1 .85 g, 10 mmol) in dUmethyl 
sulfoxide (20 mL) at room tmperature. The resulting mixture was allowed to stir 
for a fiutto five hours at room tenq>erature before the addition of benzyl chloride 
(1.26 g, 10 mmol). The mixture was then heated at 50**C for three hours. Water 
(30 mL) was added, and the mixture extracted with ettiyl acetate (3x20 mL). The 
15 combined organic layer was dried over anhydrous magnesiimi sulfate, filtered, and 
removed on a rotary evaporator to give a yellow oil. The crude reaction mixture 
was chromatographed (kieselgel-60, 70-230 mesh, ethyl acetate/n-hexane 1:9 as 
eluent) to give benzyl (l,2-benzenedicarboxnnido)carbodithioate (62) (1 80 mg, 
5.8% yield). *H-nmr (GDOs) 6 4.55 (s, 2H). 7.30-7.45 (m, 5H), 7.82 (dd, 2H) 
20 and 7.98 (dd,2H). 

Examples 

Preparation of2^cyanoprop'^2^yl l^pyrrolecarbodiOttoate (63) 

Pyrrole N-thiocarbonyl disulfide (0. 15 g, 0.53 mmol) and 2,2'- 
25 azobis(isobutyronitrile) (0.16 g, 1 nunol) was dissolved in ethyl acetate (5 mL) 
and transfered into a Young's vessel. The contents were degassed and heated at 
70*^C for 24 hours. The solvent was removed under vacuum and the residue 
chromatographed on silica (10% ethyl acetate / petroleum spirits) to afford 2- 
cyanoprop-2-yl 1-pyrrolecarbodithioate (135 mg, 61%). iR-nmr (03503) 5 1.99 
30 (6H). 638(2H), 7.61 (2H). ISc-nmr {CDCI3) S 27.0, 1 14.7, 120.7, 176.4, 1932. 



36 



wo 99/31144 
Example 4 



PCT/US9OT6428 



Preparation of 2-cyanobut'2-yl l-pyrroUcarbodUhioate (Si) 

Pyrrole N-thiocarbonyl disulfide (0.71 g, 2.5 mmol) and 2.2'-a2obis(2- 
cyanobutane) (0.63 g, 3.3 mmol) was dissolved in ethyl acetate (10 mL) and 

5 transfered into a Young's vessel. The contents were degassed and heated at TOT 
for 24 hours. The solvent was removed under vacuum and the residue 
chromatogr^hed on alumina (activity HI) (15% ethyl acetate / petroleum spirits) 
to afford 2-cyanobut-2-yl l-pyrrolecarbodithioate as an oil (3 10 mg, 28%). The 
compound gradually decomposes at room tenq>eratuie and needs to be stored in 

10 the fiftezer. iH-nmr (CDQa) 8 LIO (3H. 0, 1.89 (3H, s), 222 {2H. m), 6,30 
(2H)J,65(2H). 

ProcedureZ 

Pr^aratbn of benzyl 1-imidazokcarbodU^^ 

15 Benzyl mercaptan (0.68 g, 5.5 mmol) was added dropwise to a solution 

of thibcarbonyl diimidazole (0.89 g, 5 mmol) in dichlorometbane (10 mL) at room 
tanperatuxe. The solution was aUowed to stir for 30 niinutes at die s 
temperature and die solvent was then removed undor vacuum. The residue was 
diromatognqphed (KieseIgel-60, 70-230 mesh) using efhyl acetate/petroleum 

20 spirits 3:7 as eluent to afifoid benzyl 1-imidazolecaiboditfaioate (65) (0.78 g, 54%) 
as abright yellow soKA iH-nmr (CDQa) 5 4.60 (2H), 7 JO(1HO J40 (5H0. 7.75 
(1H).8.45(1H). 13c-nnar (0003)541.73, 117.6, 131.5, 135.0, 1283, 128.9, 
129.4,133.8,188.3. 

25 Examples 

Pr^araiBonofN^-dimjeatyUS'^^ 

Tetiantetfaylduuramdisulfide (1.2 g, 5 mmol) and 2,2'- 
azobis(isobutyrQnitrile) (1.23 g, 7.5 mmol) was dissolved in benzene. The 
solution was degassed by bubbling nitxogra through the solution for 10 minutes 
30 and heated at reflux for 24 hours. Benzene was removed under reduced presssure 
and the crude residue chromatographed (silica gel, 30% ethyl acetate in petroleum 
spirits) to afford die tide compound (1 .74 g, 93%). IH-nmr(CDCl3)5 1.9(6H), 
3.4 (6H, bd). 13C-nmr (CDCI3) 5 27.4, 42.15, 62.5. 122.0, 190.0. 
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Procedures 

Preparation ofNjN^diethylS^benzyldiihiocarbamate (67) 

Benzyl bromide (2.05 g, 12nunol) in THF- (10 inL) was added 
5 dropwise over 15 minutes to a supension of sodium N,N-diethyldithioc:arbair^ 
trihydrate (2.25 g, 10 ramol) in 25 mL of THF at room temperature. The solution 
was allowed to stir at room temperature for 3 hours when the solids were filtered 
off and the filtrate concentrated. The crude residue was purified by colunm 
chromatography (silica gel, 20% elhyl acetate in petroleum spirits) to obtain the 
10 title compound (2^g, 94%). ^H-nnu" (CDQs) 5 1.3 (6H), 3.7 (2H), 4.1 (2H), 
4.6 (2H), 7.3 (5H). 

Example 6 

Preparation of cyanomethyl U(2'pyrroUdone)carbodUhoate (68) 

Chloroacetonitrile (1 mL, 15.9 mmol) was added to a suspension 
15 solution of l-(2-pyrrolidinone)carbodithioic acid (0.97 g, 6.02 mmol) and 
potassium carbonate (0.84g, 6.09mmol) in acetonitrile (10 mL) at room 
temperature. Tte resulting mixture was stirred at room temperature for 18 hours. 
Water (25 mL) was added, flien extracted witii ethyl acetate (3x20 mL). The 
combined organic layer was dried ovw anhydrous sodium sulfate. After removal 
20 of solvent, tiie residue was subjected to colunm chromatogn5)hy (Kieselgel-60, 
70-'230 mesh) using ethyl acetatefa-hexane 1:4 as eluent. The title compound, 
cyanomethyl l-(2-pyiroHdinone)caiboditiiioate (0.74 g, 65.5% yield) was obtained 
asayeUowsoUd,nLp.65-66'*C. iR-nmr (0003) 5 2.20 (ddt, 2H), 2.80 (l, 2H), 
4.00 (s, 2H) and 4.25 (dd. 2H). 

25 

Procedure 4 

Preparation ofN,N'Dieaiyl S^Z'^Aoxycarbonyfyrop-Z-yl) dithiocarbamate (69) 
The tide compound was prepared according to T. Otsu, T. Matsunaga, 
T. Doi and A. Matsumoto, Eur. Polym. J. 31. 67-78 (1995). 

30 

Exanqples 6- 1 1 illustrate the synfliesis of tiiiocarbonyltiiio compounds 
with an a-oxygen substituent (xanthate esters formula 2 D=D2, E=E2) 
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Ph COgEt 
S— g— CH3 S— i— CH3 

S=/ S=C (Ih3 

0— Et . -O— Et 

(70) (71) 
D = D2, R =l-phenylethyl D = D2, R=2-(ethoxycart)onyl)pr(^2-yl 

5 E=E2,G' = ethyl • E =E2;G'=ethyl 

r 

(5— CH3 
S=C^ CH9 

o—a 

(72) 

D B D2, R=2-cyanopr(^2-yl 
E=E2;G'= ethyl 



10 



n § Ph 



15 



(73) (74) 
DsD2,Rscyiiaomethyl DsD2.RBb^l 
EsE2,G* = ethyl E « E2; G* = itoyl 



(75) 

D = D2,R = bcnzyl 
E s E2; G' = pentafluoropbenyl 



20 



FrocedunS 



FrqfoiathnofO-eOiylS'il'phenyk^^ 

A solution of l^G>romoe%l)benzene (3 J g) and potassium 
(Uthiocaxbonate (32 g) in etfaanol (SO mL) was stii^ 
25 hours. The reaction was diluted with wat^ (50 mL) and the oi^an^ 

withn4iexane. The combinied organic layers were washed with water, brine and 
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dried over magnesium sulfate. The solvent was evaporated and the title 
compound was obtained as a yellow oil (4.4 g, 97%). 



Example 7 

5 FrqfamHon of O^etkyl S''(Z'(ethoxyearbonyl)prop'2''ylj xanAate (71) 

A solution of 2-bromoisobutyrate (19.5 g) and potassium O-ethyl 
ditbiocarbonate (1 6.0 g) in ethanol (200 mL) were allowed to stir at room 
temperature for 20 hours and then at SO^'C for 16 hours. The reaction was dihited 
with water (200 xnL) and the organics extracted with n-hexane. The combmed 
10 organic layers were washed wiA water, brine and dried over anhydrous sodium 
sulfate. The solvent was evaporated and the residue purified by column 
cfaromatognphy (Alumina oxide 90 70-230 mesh» ActiviQf n-m) elutmg with 1:9 
diethyl edienn-hexane to afford the title compound as a yellow oil (40% yield). 

IS Examples 

Preparation of O^yl S'-^^anoprop'lryl) xanthate (72) from potassium 
efhyldiMocarbonaU 

A solution of bromoisobutyronitrile (10 g) and potassium O-ethyl 
dithiocaibonate (10.84 g) in ethanol (280 g) woe heated at 40''C widi sturing for 

20 40 hours. The niixture was then aUowed to stir for 12 days at room toi^enit^ 
The reaction mixture was diluted with water (400 mL) and the oz:ganics extracted 
widi n-bexane. The combined organic layers were washed with water, brine and 
dried over magnesium sulfate. The solvent was evaporated and the residue 
purified by column chromatography (Alumina oxide 90 70-230 mesh. Activity H- 

25 m) eluting with a gradient of 1 :9 diethyl ether hexane to 1 :4 diethyl ether. 

ExampU9 

Pr^aration of O-eftjp/ S-(2<yanoprop^2^yl) xantkate (72) from O^eOiyl 
xanAogen disulfide 

30 Oethylxanthogen disulfide was prepared by oxidizing an aqueous 

solution of potassium O-ethyl ditluocarbonate with h/Kl (10%) solution. 
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• • A solution of 0-ethylxanthogen disulfide (2.16 g. 8.92 nmol) and 2^ 

2*-azobis(isobutyronitrile) (2.19 g, 13.35mmoI) in ethyl acetate (30mL) was 
prepared. The mixture was heated at reflux for 16 hours. The volatiles were 
removed under reduced pressure and the residue chromatographed using a mixture 
5 of ethyl acetate:petroIeum spirits (3:47) as eluent to isolate the title compound 
(3.17 g, 94%). iH-nmr (CDOb) 5 1.52 (t, 3H); 1.75 (s, 6H) and 4.75 (q, 2H). 
^-'C-nmr (cx^^iS; u i^.-t, ^/u., t^.o^ /u.o; i^ia ma ^uo*^. 

Examfk 10 

10 PrepanHon ofO-ethyl S'Cyanomeihylxanihate (73) 

A solution of bromoacetonitrile (12.4 g) and potassium 0-ethyl 
dithiocaibonate (16.0 g) in etbanol (200 mL) were allowed to stir at room 
temperature for 16 hours. The reaction was diluted with water (100 mL) and the 
organics extracted witii diethyl ether. The combined organic layers were washed 

15 twice witii water, then brine and dried over anhydrous magnesium sulfate. The 
solvent was evaporated and the residue purified by column chromatography 
(sQica-gel 60, 70-230 mesh) eluting witii 4:6 ethyl acetate : petroleum spirit 40- 
60^C to afford the titie compound as a yellow oil (14.6g, 90.7%). ^H-nmr 
(CDQa) 8 1.48 (t, 3H); 3.88 (s. 2H); 4.72 (q, 2H). 13c.nmr (C3X:i3) 5 13.7 . 213 

20 , 71.5,115.7.209.2. 

Example II 

Fnpara&on ofO-phenyl S-benzyl xantitate (74) 

Benzyl merci^tan (1.24 g, 10 mmol) was added to an aqueous (20 rriL) 
25 solution of NaOH (0.8 g, 20 mmol) at room temperature and stirred for 15 

minutes. Phenyl tiuonochloroformate (107g, 12sunoI) was next added dropwise 
to diis solution at the same tenrperature and stirred for a further 2 hours. Diethyl 
ether (20mL) and water (50mL) was added and tiie organic layer separated. The 
aqueous layer was extracted with dietiiyl ether (3x20mL). The combined organic 
30 fi»ctions were dried with Na2S04, filtered, the solvent removed and die crude 
product chromatographed (using silica gel, 2% ethyl acetate in petroleum spirits) 
to afford tiie tide compound (1.95 g, 75%) as a yellow oil. ^H-mnr (CDCI3) 5 
4.43(2H), 7.10-7.50 (lOH). 13c-nmr (CDCI3) 5 41.7, 122.1, 126.7. 127.8, 128.8, 
129.3,129.6,135.1.154.0,213.0. 
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Example 12 

Preparation ofO^pentafluoropkenyl S-bemyl xanthate (75) 

Thiq)hosgene (1.93 g» 16.6 mmol) in CHCI3 (10 mL) at 0 ^'C was 
5 treated dropwise with pmtafluorophenol in 5%NaOH (ISniL) cooled to 0-10 ""C. 
The solution was stirred for 1 hour at die same temperature, the CHQs layer 
separated and washed with 5% NaOH (10 mL), 5%Ha (10 mL) and H2O (lOmL). 
The organic portions were combined, dried with MgS04t filtered and the solvent 
removed to obtain ti)e perfluorophenyl chloroformate (3.76 g). 
10 Benzyl mercaptan (1.24g, lOmmol) was added to 0.8g of NaOH 

dissolved in 20 mL of H2O and allowed to stir for 1 0 minutes. The crude 
cfaloroformate (2.63g» 1 Ommol) was added to die solution and stirred for 2 hours. 
The aqueous solution was extracted with diethyl ether (3x30 mL), organic portions 
combined, dried with Na2S04 filtered and the solvent removed. Hie residue was 
IS chromatographed with 2% ettiylacetate in petroleum spirits to afford the product. 
(890mg. 25%). iR-nmr (CDCI3) 5 4.5 (2H), 73 (5H). 13C-nmr (CDQa) 5 42.9, 
128 A 128.9, 129,2. 134.0. ^'F-nmr (GDOs) 8 -162 J4 (2F, t), -156.94 (IF, t), - 
151.51 (2F,d). 

20 Examples 13 and 14 illustrate the synthesis of vinylogous 

dithiocon^unds (formula 2 I>=D1) 



25 




(30) 

D = Dl.R=benzyl 

X=methine 

Z*, E = neopentylene 



(76) 

D = D1,R = benzyl 
X=metfaine 
Z' =*enzyl!hio 
E » Z* = benzyltiiio 
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Preparation ofS'Benzythio^S^S^imfkykycloheX'Z'ene^Nhione (30). 




5,5'Dim^l'3'piperidmyUcycloh€x-2'en'l'ane. Kperidine (7.0 mL; 

S 0.0713 mol) and a catalytic quantity of p-toluenesulfonic add monohydrate was 
added to a solution of 5,S-diinetfaylcyclohexaneol3-dione (10.0g; 0.0713mQl) in 
benzene (100 mL) and tiie resultant solution was heated at reflux. After 3 hours 
further piperidine (0.71 mL; 7.13 mmol) was added and the solution was allowed 
to reflux for a further 16 hours. The reaction mixture was cooled to room 

10 temperature and washed with 10% NaHCOs solution (20mL), dried over 
anhydrous sodium sulfate and the solvent evaporated (in vacuo ) to leave an 
orange crystalline solid. (14.23 g, 96%). iH-nmr (CDQa) d: 5.3, (s IH, H-2), 
3.4-3.2 (m, 4H, E-2\ H-ff), 2.2 (s, 2H. H-6). 2.1 ( s. 2H. H-4), 1.754.4 (m. 6H, H- 
3\ H-4\ H-5'). 1.00 (s, 6H, 2xCH3). 

15 5,5-DimAyU3'piperidmyl<ycloheX'2'en€'l'thw^^ The compound 

was preparediiocording to the procedure of Walter, W. and Proll [Walter, W. and 
ProlU T^ Synthesis, 941-2 (1979)]. To a solution of tiie above enamine (l.Og; 
4.82 mmol) in anhydrous DME (lOmL), was added Lawesson's reagent (1.04g; 
257mmol) over 20 min. at room temprature and under argon. The resulting 

20 suspension was stirred at room temperature for 2 hours. The mixture was added 
to ice water (lOmL) and extracted with CH2CI2 (3x20 mL). The combined 
extracts were dried over anhydrous sodium sulfate and flie solvent evaporated m 
vacuo to leave an orange solid. The crude solid was chromatographed on a 
rmxture of silica gel and basic alumina (1:1) using chloroform as eluent The titie 
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compound was obtained as an orange solid (1.1 g, 100%). iR-nmr (ODQa) d: 
6.75 (S,1H. H.2), 3,6-3.4 (m. 4H. H.2\ H-ff). 2.65 (s. 2H. H-6) 2.2 ( s, 2H, H-4). 
1 J5^1.5 (m. 6H. H-3*, H-4\ H-5% 1.00 (s, 6H, 2xCH3). 

3-BenzylthiO'5,5'dimethylcyclohex-2-ene-l-thione. The compound 

5 was prepared according to the procedure of Timokhma et al [Timokhina, L.V. et 
al, Zfe. Org. Khim., 14, 2226-7 (1978)]. To a cold (O^C) solution of the above 
enaminothione (0.50 g, 2.24 mmol) in anhydrous DMF (5 vciL), was added benzyl 
chloride (0.35 g, 2.7 nmiol) over 30 min. under Argon. The nwxture was allowed 
to warm to room temperature and stirred for a further 2 hours. The mixture was 

10 cooled to -50°C (dry ice/ benzyl acetate) and anhydrous H2S (g) was passed 
through the solution for 2 hours. The red solution was poured into ice wa£»: 
(lOmL) and extracted with CH2CI2 (2x20 mL). The combined extracts wore 
dried over anhydrous sodium sulfate and the solvent removed in vacuo to give a 
purple on (0.52 g. 89%). iR-nmr (CDOs) d: 7.4^7.1 (m, 5H. ArH) 6.9 (s .IH, H- 

15 2). 4,15 (s, 2H, SCH2Ph) 2.8 (s, 2H, H-6). 2.25 (s, 2H. H-4) 1.00 (s, 6H. 2xCH3) 

Example 14 

Pr^aration of benzyl 3,3^(benzyUhw)projh'2''enedithwate (76). 

Carbon disulfide (0.76 g, lOmmoI) was added dropwise to methyl 

20 magnesium chloride (1.67 mL, S mmol, 3M soludon in diethyl ether) in THF (3.5 
niL) at room temperature. After 2 hours, the solution was cooled to -78°C (dry 
ice/acetone) and lithium di-isopropylamide (IQmmol, 6.67 mL of 1.5 M solution 
in bexane) was added ov^ 30 minutes. The solution was stirred at -78^C for 45 
minutes,fiien at room temperature for a further 30 minutes before benzyl bromide 

25 (1.89 g, 15 nunol) was added. The solution was wanned to 40*^0 for 2 hours and 
stirred overnight at room temperature. A 5% solution of NaHCOs (30 mL), 
followed by 20mL of diethyl ether was added to the mixture and the organic layer 
separated. The aqueous layer was extracted with diethyl ether (3 x 20 mL), the 
organic layers combined, dried over MgS04, filtered and the solvent evaporated. 

30 The residue was chromatographed on silica gel (5% ethyl acetate in petroleum 
spirits) to afford the product (0.63 g, 29% yield) as an orange solid. iK-nmr 
(a)Cl3) 8 4.19. 4.30, 4.42 (6H, s. CH2Ph), 7.05 (IH. CH), 7.35 (15H, ArH). 
13c-nmr (CDCI3) 5 37.6, 39.6. 39.9. 124.4 (CK), 124.4, 127.4, 127.7. 128.2, 
128.5. 128.7. 129.0, 129.2, 129.3, 133.8, 135.4. 1362, 159.1. 209.4. m/z : AP+ 

35 439 (M+1). AP- 438 (M-1). 
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' • The following examples demonstrate the application of the dithio- 

compoimds with an a-nitrogen substituent which is an electron 
withdrawing/conjugating group to the synthesis of narrow polydispersity 
polymexs. 

5 Examples 15'19 

m 

Thermal polymerizations of styrene were carried out in the presence of 
benzyl l-pynolecarboditbioate (60), h&azy] l-(2-pyrrolidinone)carboditbioate 
(6i)» and benzyl (l>benzenedicaiboximido)caibodiduoate (62). 
10 Freshly distilled styrene (1 mL) was added to six separate ampoules 

containing the required amount of dithiocaibamate (see Table 1). The contents of 
ampoules were degassed, sealed and heated at 1 1 O^C for 16 hours. After removal 
of the volatiles, the residue was analyzed by GPC. 

15 Table 1 : Molecular weight and conversion data for polystyrene prepared in the 
\ of ditfaiocarbamatcs (60-62) at 1 10°C. 



Example 


Dhfaio 
comDonnd 


Dithio(in^ 


Mn 


Mw/Mn 


%Qsav. 


15 


(60) 


6.92 


30674 


1.18 


58 


16 


(60) 


13.75 


16018 


1.18 


59 


17 


(61) 


7.42 


40515 


1.63 


57 


18 


(61) 


14.82 


22510 


138 


57 


19 


(62) 


9.07 


23480 


1.10 


51 



Exampk20 

Methyl acryhte pofymerizfftion in Ae presence of a low concentration of benzyl 
I'pyrr^ecarboditkioate (60). 

20 A stock solution of the difiiiocaibamate (60) (8.6 mg), 2^*- 

azobis(isobutyronitrile) (3.Qmg) and mediyl acrylate (5mL) in benzene (20mL) 
was ptq)ared. Three 5mL aliquots of this solution were transferred to ampoules 
which were degassed, sealed and heated at 60''C for 1 , 8 and 16 hours 
respecdvely. The resulting polymers were analyzed by GPC after die removal of 

25 excess monomer and solvent 
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Table 2: Molecular weight and conversion data for polymerization of 
metbyl acrylate in the presence of benzyl l-pyrrolecarbodithioate (60) (8.6 mg) 
witti 2,2'-azobis(isobutyromtrile) as initiator at eO^'C. 



Entry 


Time/hr 


Mn 


Mw/Mn 


%Conv. 


1 


1 


37257 


• 1.18 


31 


2 


8 


97127 


1.37 


89 


3 


16 


110906 


136 


91 



5 



Examplell 

MeOiyl acrylate pofymerisation in ike presence of a high concentration of 
benzyl l-'pyrrolecariodUhioate (60). 

A solution of the ditfaiocaibamate (60) (86.0 mg), 2,2*-azobis(isobutyronitrile) 
10 (3.0 mg) and mediylaraylate (5 mL) in benzene (20 ntiL) was prepared. 

aUquots of &is solution were transfened to ampoules, degassed, sealed and heated 
at 60"C for 4, 8 and 16 hours respectively. The resulting polymers were analysed 
l)y GPC after the removal of excess monomer and solvent 

15 Table 3: Molecular weight and conversion data for polymerization of methyl 
acxylate in the presence of benzyl l-pyrrolecarbodithioate (60) (86.0 mg) with 
2,2*-az obis(isobutyronitrile) as initiator at 60°C. 



Entry 


Time/hr 


Mn 




% Conv. 


1 


4 


3381 


1.36 


22 


2 


8 


5952 


1.22 


47 


3 


16 


8762 


1.17 


74 



The presence of the end groups (pyrrole and benzyl) was confirmed by NMR. 

20 

ExampUs22^23 

Methyl acrylate polymerization in the presence of benzyl l^{2'pyrrolidinoney 
earboHthioate (61) and benzyl (l^^bettzenedicarboximido)carbodithioate (62) 

A stock solution comprising of 2,2*-azobis(isobutyronitrile) (230 mg) in benzene 
25 (25 noL) was prepared. Aliquots (6.0 niL) were transfeired into two separate 
ampoules already containing methyl acxylate (4.0 mL) and the dithiocaibamate 
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• • [4.63 mg for (61); 5.20 mg for (52)1, The contents of both ampoules were 

degassed, sealed and heated at 60 ^'C for 16 hours.The results are listed in Table 4. 

Table 4: Molecular weight and conversion data for poly(methyl aciylate) prepared 

5 in the presence of (61) and (62) at 60 *^C. 

Example Dithioester Dithio(mg) Mn • Mw/Mp %Cony. 

22 (61) 4.63 161800 121 89 

23 (62) 52 0 59800 152^ 48 

a) Bimodal molecular weight distribution. 

Exmpk24 . 

ilfettjZ acFyUUe polymerization in the presence of l^yanoprap^Z'yl i> 



20 



10 

A solution of the dithiocaibamate (63) (8.95 mg), 2,2*- 
azobisCisobutyronitrile) (3.1mg) and methyl aaylate (5niL) in benzene (20mL) 
was prepared. Tbrtt 5mL aliquots of this solution were transferred to ampoules, 
degassed, sealed and heated at 60^C for 1, 4 and 16 hours respectively. The 
IS resulting polymers were analysed by GPC after the removal of excess monomer 
and solvent 

Table 5: Molecular weight and conversion data for polymerization of metiiy] 
aaylate in the presence of 2-cyanoprqp-2-yl l-pyrrolecaiboditiiioate (63) witii 



Entry 


TimeAtr 


Mn 




%C<mv. 


1 


1 


30308 


1.11 


20 


2 


4 


82255 


1.13 


56 


3 


16 


131558 


1.40 


91 
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10 



Methyl aerylate polymerization in the presence of benzyl I'imidazQle 
earbodiMoate (65). 

A solution of the ditfaiocarbamate (65) (8.6 mg), 2,2*- 
azobisCisobutyronitrile) (2.7mg) and methyl aerylate (5znL) in benzene (20mL) 
was prepared. Three SmL aliquots of this solution were transferred to ampoules^ 
degassed, sealed and heated at 60°C for 1, 4 and 16 hours respectively. The 
resulting polymers were analysed by GPC after die removal of excess monomer 
and solvent 

Table 6: Molecular weight and conversion data for polymerization of methyl 
aerylate in the presence of benzyl 1 -imidazole carbodithioate (65) (8.6 mg) using 



Entry 


Time/hr 


Mn 




%Conv. 


1 


1 


22189 


1.13 


16 


2 


4 


82574 


1.14 


66 


3 


16 


107077 


1.34 


97 



IS Example 26 

Methyl meAaerylate polymerization in ike presence of 2^anoprop'2'yl i- 
pyrroUcarbodiOiioiae (€3). 

A solution of the dithiocatbamate (63) (10.4 mg), 2,2** 
azobis(i5obutyronitiile) (10. Img) and metiiyl metiiaoylate (7.S5mL) in benzene 
20 (2 JmL) was prepared. Four 2mL aliquots of this solution were transferred to 
anqioules, degassed, sealed and heated at for 1, 4, 8 and 16 hours 
respectively. The resulting polymers were analysed by GPC aft«: the removal of 
excess monomer and solvent 
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Table 7: Molecular weight and conversion data for polymerization of methyl 
methacrylate with 2-cyanoprop-2-yl l-pyrrolecarbodithioate (63) using 2X- 



Bitty 


Ttme/hr 


Mn 


Mw/Mn 


% Conv. 


1 


1 


42450 


1.70 


16 


1 


4 


64025 


1.50 ■ ' 


51 


3 


8 


114561 


U6 


>95 


4 


16 


117418 


1.27 


>95 



MeOiyl melhaaylate polymerization in the presence of l^cyanohut-l^yl 1-^ 



A solution of the CTA (64) (24.97 mg), 2.r-azx)bis(2-cyanobut^^^ 
10 (1 1.7mg) and methyl methacrylate (7.SmL) in ben2sene (2^niL) was pteparecL 
Four 2inL aliquots of this solution were transferred to ampoules, degassed^ sealed 
and heated at 60T for 2, 4, 8 and 1 6 hours respectively* The resulting polymers 
were analysed by GPC after the removal of excess monomer and solvent 

15 Table 8: Molecular weight and conversion data for polymerization of methyl 
meAacrylate in the presence of 2-cyanobut-2-yl l-pyrrolecarbodithioate (64) with 



Entry 


Time/hr 




MwMn 


% Conv. 


1 


2 


19372 


1.58 


21 


2 


4 


28752 


1.44 


52 


3 


8 


35888 


1.30 


65 


4 


16 


57378 


1.21 


99 



The following example illustrates the effectiveness of a 
20 dithiocarbamate with an a-nitrogen substituent which is a enable of delocalising 
the nitrogen lone pak in controlling polydispersity of poly(methyl methacrylate). 
A control experiment carried out with N J^-dimethyl"S-(2-cyanoprop-2-yI) 
dithiocarbamate (66) shows that ditfaiocarbamates with simple alkyl substituents 
are not effective in controlling molecular weight or polydispersity. 
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Methyl meAactylate polymerization n (he presence of l^'Cyanoprop^Z-yUU 
pyrroleciirbodiffiwate(63) or N,N^imeAyUS'(2'cyanop 
dithiocarbamate (66) 

5 Stock solutions, I comprising 2^'-azobis(isobutyronitrile) (24.09mg) 

in SmL of benzene, n comprising N,N-dimethyl-S-(2-cyanoprop-2-yl) 
dithiocarbamate (66) (S.61mg) in 2mL of MMA and ni comprising 2-cyanoprop- 
2-yl-l-pym)Iecarbodithioate (63) (15.67mg) in SmL of MMA were pr^aiei 
Four O.SmL aliquots of stock solution I were transferred to four atiq^oules. An 

10 aliquot of 1.5mL of stock solution II was transferred to one of the above ampoules 
which was degassed, sealed and heated at 60''C for 8 hours. Three 1 .SmL aliquots 
of stock -solution HI were transferred to the three remaining ampoules which were 
degassed, sealed and heated at 60**C for 2, 8, 16 hours. The respective polymers 
were analysed by GPC after removal of excess monomer. 

15 

Table 9: Molecularweight and conversion data for poly(methylmethacrylate) 
prepared in the presence of dithiocarbamate derivatives at 60''C. 



Entry Dithio compound Time/hr Mn Mw/Mn % Conv. 



1 


(66) 


8 


312462 


1.94 


>95 


2 


(63) 


2 


22758 


1.54 


33.2 


3 


(63) 


8 


48 257 


1.25 


92.3 


4 


(63) 


16 


51474 


1.19 


>95 



The following example illustrates the effectiveness of a 
20 dithiocarbamate with an a-nitrogen substituent which is a capable of delocali2ang 
tiie nitrogen lone pair in controlluig polydispersity of polystyrene. A conlJX)l 
experiment carried out with N J^-diethyl S-benzyl dithiocarbamate (67) shows ttiat 
dithiocarbamiates with simple alkyl substituents are not effective in controlling 
molecular weight or polydispersity. 

2S Example 29 

Styrene polymerization using benzyUhpyrrolecarbodithioate (60) andN,N' 
dieAyl S-henzyl dithiocarbamate ( 67) 

Solutions I of benzyH-pyrrolecarbodithioate (60) (55.4mg) in SmL of 
styrene and H of NJ^-diethyl S-benzyl dithiocarbamate (67) (14.2mg) in 2mL of 
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styrene were prepared. 2inL aliquots of the solution I were transferred to each of 
three ampoules which were degassed, sealed and heated at lOO^C for 1, 6 and 30 
hours. Solution n was placed in an ampoule, degassed, sealed and heated at 
100°C for 6 hours. The respective polymers were analyzed by GPC after removal 

5 of excess monomer. 

presence of dithiocompounds (60 & 67) at lOQT. ^ 

Entiy Xanthates Time/hr Mn MwMq % 



Conv. 



5 


(67) 


6 


317 114 


1.86 


15.3 


6 


(60) 


1 


3 844 


, 1.63 


2.9 


7 


(60) 


6 


6478 


1.46 


10.2 


8 


(60) 


30 


15 605 


120 


59.6 



10 TliefoUowingexanq)le shows Ihatdithiocaxbamates with simple alky 

sabstitueats are effective in controlling molecular wei^t and polydispeisity of 
po]y(viny] acetaie)* 

Example 30 

15 Preparation of narrow polydispersity poly(vinyl acetate) in the presence 

of N JNf-dietfayl S-{2-ethoxycarf)onylprop-2-yl) dithiocarbamate (69) 
A stock solution comprising of Ur-azobis(cyclohexanecaibonitrile) (2.26 mg), 
vfaiyl acetate (10 niL) and NJ^-diefliyl S-(2-ethoxycaibonylprop-2-yl) 
dithiocaibamate (69) (23 1 .53 mg) was prepared. Aliquots (2 mL) of this stock 

20 solution were then tiansfeired to an^ules. The contents of ampoules were 

degassed, sealed and heated at 100 X for specified time. Results are summarized 
in Table 11. 

Table 1 1 : Molecular weight and conversion data for poly (vinyl acetate) in the 
25 presence of N J4-diethyl S-(2-ethoxycaibonylprop-2-yl) dithiocarbamate (69) at 
lOO^^C. 



51 



wo 99/31144 



PCT/US98/26428 



Entry 


Reaction time (hr) 


Mn 


Mw/Mn 


% Conversion 


1 


1 


4500 


1.64 


8.4 


2 


2 


6150 


1.61 


32.4 


3 


4 


9500 


• 1.47 


68.0 


4 


16 


10550 


1.43 


76.5 



The following examples relate to the measurement of transfer constants 
of xanthate derivatives in polymerizations of n-butyl acrylate (example 31), t-butyl 
5 acrylate (exaii5)les 32, 33) and methyl methacrylate (examples 34) . The 
magnitude of the transfer constants show dial it should be possible to achieve 
narrow polydispmities (<1 .5) in feed polymerization processes in polymerizations 
of acrylate esters. 

Example 31 

10 Preparation of polyin^-butyl acrylate) in the presence of Diethyl S-fl- 
phenylethyl) xanOiate (70). 

A stock solution comprismg of 2,2' -azobis(isobutyronitrile) (13.4 mg) 
in benzene (50 mL) was prepared. Aliquots (2 mL) of this stock solution were 
then transferred to four separate ampoules containing n-butyl acrylate (4 mL), 
15 benzene (4 mL) and O-ethylS-(l-phenylethyl) xanthate. The contents of 

ampoules were degassed, sealed and heated at 60 ^^C for one hour. The results are 
summarized in the following Table. 



20 



Table 12: Molecular weight and conversion data for poly(n-butyl acrylate) in the 



presence 
Entry 


01 u-emyi a-u-pncnyj 
[CrA]/|MMA] 


Mn 


Mw/Mn 


% Conversion 


1 


0 


1027396 


1.78 


29 


2 


0.00081 


70196 


1.85 


11 


3 


0.00166 


40555 


1.77 


16 


4 


0.00325 


19411 


1.87 


12 



Analysis of the data via a Mayo plot shows that the transfer constant of 
0-ethyl S-(l-phenylethyl) xanthate in n-butyl acrylate polymerization is 2.0. 
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Preparation ofpoly(Ubutyl acrylate) in the presence of O-pentafluorophenyl S- 
benzylxanikate(7S) 

Aliquots (2inL) of a solution of 2^'-azobis(isobutyronitrile) (13.4 mg) 
5 in benzene (43.7 g, 50 niL) were added to each of four ampoules containing t-butyl 
acrylaus (4 nfiL), b^QZcue (4 w!L) and the ic(|uircd aiuOuTAi of C-pcritaauorophciiyi 
S-benzyl xanthate (75). The ampoules were degassed, sealed and heated at 60 °C 
for 60 minutes. Results are summarized in the following Table. 

10 Table 13: Molecular weight and convension data for poly(t-btttyl acrylate) in the 



15 



Eotty 


[CTAJ 
(moUL) 


[CTAl/IMl 


Mn . 




CODV.(%) 


1 


0 


0 


1467774 


1.68 


45.1 


2 


2.886e-3 


l,057e-3 


. 42024 


1.83 


26.5 


3 


5^47e-3 


1.922e-3 


22214 


1.83 


24.1 


4 


1.140e-2 


4.176e-3 


10850 


1.76 


16.0 



'[AIBNl = 3.273e-4 M, [t-butyl acrylate] = 2.73 M at 25T 

Analysis of the data via a Mayo plot shows that the transfer constant of 
O-pentafluQTpphenyl S-benzyl xanthate in t-butyl aoylate polymerization is 2.7. 



Example 33 



PreparaUon ofpoly{Ubutyl acrylate) in the presence of Diethyl S-(2-cyanoprop- 
2'yl)xanihate(7Z) 

Aliquots (2mL) of a solution of 2^'-azobis(isobutyronitrile) (13.5 mg) 
20 in benzene (43.6 g, 50 mL) were added to each of four ampoules containing t- 
butyl acrylate (4 mL), benzene (4 mL) and the required amount of 0-ethyl S-(2- 
cyanoprop-2-yl) xanthate (72). The ampoules were degassed, sealed and heated at 
60 T for 60 minutes. Results are summarized in the following Table. 

25 Table 14: Molecular weight and conversion data for poly(t-butyl acrylate) in the 
presence of 0-ethyl S-(2-cyanoprop-2-yl) xanthate (72) at 60*'Cf. 
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Enby 


[CTA] 
(moVL) 


[CTA]/(M] 


Mn 




Conv.(%) 


1 


0 


0 


1790182 


132 


38.9 


2 


2.916e-3 


1.068e-3 


18775 


1.81 


7.68 


3 


5320e-3 


1.948e-3 


9438 


1.81 


5.13 


4 


1.053e-2 


3.856e-3 


4611 - 


1.80 


4.26 



■"[ABN] - 3^3e-4 M. [t-butyl acrylate] = 2.73 M at 25''C 

Analysis of the data via a Mayo plot shows that the transfer constant of 
5 O-ediyl S-(2-cyanoprop-2-yl)xanthate in t-butyl acrylate polymerization is 7.25. 

Example 34 

Preparation of pofy(meihyl metiutcrykae) in the presence of O'^yl 8^(2' 
eyanoprop'2'yl)xanawte(72) 

Aliquots (SmL) of a solution of azobis(isobatyronitrile) (50.3 mg) in 
10 methyl methaciylate (23.4g, 25 mL) were added to each of four ampoules 

containing the required amount of 0-efliyl S-(2-<:yanoprop-2"yl) xanthate (72). 
The ampoules were degassed, sealed and heated at 60 for 60 minutes. Results 
are summarized in the foUowing Table. 

15 Table 15: Molecular weight and convCTsion date for poly(methyl methacrylate) 



Entry 


[CTA]/[MMA] 


Mn 


Mw/Mn 


% Conversion 


1 


0 


316205 


220 


13.6 


2 


0.00073 


278090 


2.13 


13.9 


3 


0.00176 


255183 


1.94 


13.8 


A 


0.00303 


233881 


1.83 


15.3 



■[AIBN] = 1.225e-2 M, [methyl methaciylate] = 935 M at 25''C 

Analysis of the data via a Mayo plot shows that the transfer constant of 
20 0-ediyl S-(2-cyanoprop-2-yl)xanthate in metiiyl oMtfaacrylate polymerization is 
ca.0.04. 
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The following example shows that it is possible to use xanthate esters 
to control the molecular weight and polydispersity of polymer formed in 
miniemulsion polymerization. 



15 



5 Prepamtion of polystyrene via minienudsion polymerizadon wWt O^yl S-f/- 
phenyleOiyl) xanthate (70) at Jff'C 

A 5-neck reaction vessel fitted with a stirrer, condenser and 
Aermocouple was charged with water C7S g) and sodium dodecyl sulbte (2152 
n\g), cetyl alcohol (53 mg)» sodium bicaxi}onate (16.7 mg). The mixture was then 
10 homogenized for 10 minutes. Styrene (18.84 g) was added and the mixture 

homogenized for a further 5 minutes. The reaction mixture was stirred (300 ipm) 
for 40 minutes while the temperature was raised to 70 ''C. 0-ethyl S-^l- 
phenylethyl) xanthate (87 mg) and 2^ -azobis(2-cyano*2-butane) (40.7 mg) were 
then added. 



Table 16: Molecular weight and conversion data for polystyrene prepared with O- 



Exanq>le 


Reaction time 
/roin 


Mn , 




% Conversion 


control' 


60 


930554 


6.98 


13 


Ex 35 


60 


84740 


1.4 


11 



^0 xanthate 

20 The following examples show that it is possible to use xanthate esters 

to control the molecular weight and polydispersity of vinyl ester polymers (e,g. 
vinyl benzoate, vinyl acetate). 

Example36 

Preparation of poly(vmyl benzoate) in the presence of Diethyl S-{2-cyanoprop' 
25 i-yl) xanthate (72) at ISO^'C 

A solution of azobis(isobu^nitrile) (0.14 mL of 1% solotion in vinyl 
baizoate) and 0-ethyl S-(2-cyanoprop-2-yl) xanthate (72) (43i mg) in vinyl 
benzoate (3 g) was transferred to an ampoule which was degassed, sealed and 
heated at 150 **C for 24 hours. A control prepared similarly contained no 
30 xanthate. Results are summarized in the following Table. 
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Table 17: Molecular weight and conversion data for poly(vinyl benzpate) in the 

presence of 0-ethyl S-(2"Cyanoprop-2>yl) xanthate (72) at ISO'^C. 

Example Reaction time (hr) Mn Mw/Mn % Conversion 

control 24 381980 2!07 88 

Ex 35 24 9140 1.43 12 

*no xanthate 
5 Examples? 

Preparation of narrow polydispersity Poly{vinyl acetate) in the presence of 
. eOiylS<yanometkyl xanthate (73). 

A stock solution (I) of l,r-azobis(cyclohexanecarbonitrile) (2.1 1 mg), 
vinyl acetate (25 mL) in ethyl acetate (25 mL) was prepared. Aliquot (lOmL) of 
10 solution (I) was transferred to a 10 mL volumetric flask already containing O-ethyl 
S-cyanomethyl xanthate (73) (20,18 mg) for the preparation of stock solution (!!)• 
Aliquots (2 mL) of the stock solution CO) were transferred to ampoules. The 
ampoules were degassed, sealed and heated at 100 °C for specified time. Results 
are summarized in the following Table. 



Table 18: Molecular wei^t and conversion data for poly (vinyl acetate) in the 
presence of Oethyl S-cyanometfayl xanthate (73) at 100°C 



Entiy 


Reaction time (hr) 


Mn 


Mw/Mn 


% Conversion 


1 


0.5 


1680 


1.44 


3.4 


2 




11520 


1.24 


26.6 


3 


4 


20977 


139 


59.7 


4 (Control)* 


1.5 


61560 


1.69 


40.1 



* In the absence of 0-ethyl S-cyanomethyl xanthate. 



Example 38 

20 Preparation of narrow polydispersity poly(vinyl acetate) in the presence of O- 
eAyl S-cyanomethyl xanthate (73). 

A stock solution comprising of l,r-a2obis(cyclohexanecarbonitrile) (4 
mg), vinyl acetate (10 mL) and O-ethyl S-cyanomethyl xanthate (73) (160.74 mg) 
in ethyl acetate (10 mL) was prepared. Aliquots (4 mL) of this stock solution 
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were transferred to four separate ampoules. The contents of ampoules were 
degassed, sealed and heated at 100 T for specified time. Results are summarized 
in die following Table. 



5 Table 19: Molecular weight and conversion data for poly(vinyl acetate) in the 
presence of Oethyl S-cyanomethyl xanthate (73) at lOO^'C. 



1 


1 


1440 


1.23 


13.2 


2 


2 


4600 


1.16 


40.7 


3 


6 


8420 


1.34 


82.3 


4 


16 


9095 


137 


91.7 



Exampk39 

Preparation of narrow polydispersity pofy(vmyl acetate) in the presence of 0- 
10 eOiylS^anomethyl xanthate (73) 

A stock solution conq>iising of l,r-azobis(cyclohexanecarbonitrile) 
P.12 m^, vinyl acetate (10 mL) and 0-ethyl S-cyanomethyl xanthate (73) (160.45 
mg) was prepared. Aliquots (2 mL) of this stock solution were transferred to four 
separate ampoules. The contents of ampoules were degassed, sealed and heated at 
IS 100 T for specified time. Results are summarized in the followmg Table 

Table 20: Molecular weight and conversion data for poly(vinyl acetate) in the 



Taesaiceo 


if 0-ethyl S-cyanomethyl xanthate (73) at lOO'C. 




Enby 


Reaction time On) 


Mn 


MwMn 


% Conversion 


I 


1 


615 


134 


7.4 


2 


2 


2280 


1.17 


24.5 


3 


4 


7030 


1.18 


663 


4 


16 


10100 


1.31 


783 
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Preparation of narrow polydispersity pofy(vinyl acetate) in the presence of O- 
eAyl S'(2'^anoprop-2''yl) xanthate (72) 

A stock solution comprising of l,r*azobis(cycIohexanecarbonitrile) 
5 (2,10 mg), vinyl acetate (12^ inL) and 0-ethyl S-(2-cyahoprop-2-yl) xanthate (72) 
(23.65 mg) in etiiyl acetate (12.5 mL) was prepared. Aliquots (2 mL) of the stock 
solution weie transferred to ampoules. The contents of ampoules were degassed, 
sealed and heated at 100 °C for specified time. Results are summarized in the 
following Table. 



Table 21: Molecular weight and conversion data for poly(vinyl acetate) in the 

presence of Oethyl S-(2"Cyanopropyl) xanthate (72) at lOO^C. 

Entry Reaction time (hr) Mn M^/Mn % Conversion 



1 


0.5 


577 


139 


1.0 


2 


1.5 


3350 


139 


9.0 


3 


4 


19300 


1.53 


66.0 


4 


16 


20750 


1.66 


93.0 



Example41 

15 Preparation of narrow polydispersiiy poly(vinyl acetate) in the presence of O- 
eAylS^''eAoxycarbonyfyrop'2'yl) xanthate (71) 

A stock solution con^sing of l,r-azobi5(cyclohexanecarbonitrile) 
(2.1 1 mg), vinyl acetate (25 mL) and ethyl acetate (25 mL) was prepared. An 
aliquot (10 mL) of this solution was transferred to a 10 mL volumetric flask 
20 oontainmg 0-ethyl S-(2-ethoxycaibonylprop-2-yl) xanthate (71) (29.50 mg) to 
give a stock solution. Aliquots (2 mL) of this stock solution were then transferred 
to each of four ampoules. The contents of ampoules were degassed, sealed and 
heated at 100 for the specified time. Results are summarized in the following 
Table. 

25 

Table 22: Molecular weight and conversion data for polyCvinyl acetate) in the 
presence of 0-ethyl S-(2-ethoxycari)onylprop-2-yl) xanthate (71) at 100°C. 
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Entry 


Reaction time (hr) 


Mn 


Mw/Mn 


% Conversion 


1 


0.5 


1010 


1.43 


1.0 


2 


1.5 


3170 


139 


6J 


3 


4 


16100 




. 34.0 


4 


8 


20750 


1.52 


65.5 



Example 42 



frqfon&an of narrow polydispersity pofy(vittyl acetate) m the presence of 0- 
ethyl S-eyanomOiylxoiUhate (73). 

S A stock solution comprising of 2,2'-azobis(isobutyronitrile) (10.09 

mg), vinyl acetate (10 mL) and O-ethyl S-cyanomethyl xanthate (73) (160.89 mg) 
was prepared Aliquots (2 mL) of this stock solution were transfened to four 
separate ampoules. The contents of ampoules were degassed, sealed and heated at 
60 °C for specified time. Results are summarized in the following Table. 

10 

Table 23: Molecular weight and conversion data for poly(vinyl acetate) m the 



Kesmce of O-ethyl S-cyanomefliyl xanthate (73) at eO'C. 


Entry 


Reaction time (hr) 


M„ 


My/Ma 


% Conversion 


1 


1 


326 


1.30 


4.2 


2 




517 


1.26 


6.0 


3 


4 


866 


130 


93 


4 


16 


11670 


134 


91.0 



The following examples show that it is possible to use xanthate esters 
15 to control the molecular weight and polydispersity of acrylate ester polymers 
formed in a batch polymerization process. The lowest polydispersity is obtained 
with a xanthate which has an electron withdrawing substituent on oxygen (E=E2, 
GsTentafluorophenyl). 
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10 



Prqfaration of narrow polydispersity poly(t^hutyl acrylate) in ike presence of 
xanOuxte esters 

A solution comprising tlie xantbate ester in t-butyl acrylate (3.34 g) and 
ethyl acetate (6.66 g) and 2.2'-a2obis(isobutyronitrile) (5.445 x 10'^ M) was 
placed in an ampoule which was degassed* sealed and heated at 60 ''C for 60 
minutes. Results are sununarized in the following Table. 

Table 24: Molecular weight and conversion data for poly(t-butyl acrylate) in the 



Example 


Xanthate 


[CTA} 


[M]/ 


Mn 




%Conv. 






(mol/L) 


[CTA] 








control 




0 


0 


129174 


3.7 


>99 


43 


(72) 




9.092X10-* 


11032 


1.77 


71.5 


44 


(75) 


2.148X 10-^ 


9.219x10-^ 


11247 


1.40 


81.3 



Example 4S 

Styrene polymerization using O-pent^fluorophenyUS^benzyl xanihate (75) and 
O^phenyl'S-benzylxanOutie (74) 

15 Solutions I, of O-pentafluonophenyl-S-benzyl xanthate (75) (5 1 .36mg) 

in 5mL of styrene, and n, O-phenyl-S-benzyl xanthate (74) (22.92mg) in 3inL of 
styrene were prepared. 2mL aliquots of solution I were transferred to each of two 
ampoules which were degassed, sealed and heated at 1 1 0°C for 6 and 20 hours. A 
2mL aliquot of the solution n was transferred to an ampoule, degassed, sealed and 

20 heated at 1 10**C for 6 hours. The respective polymers were analysed by GPC after 
removal of excess monomer. 

Table 25: Molecular weight and conversion data for polystyrene prepared in the 



25 



Entiy 


Xantbate 


Time/hr 


Mq 


Mw/Mn 


%Conv. 


1 


(74) 


6 


23 69S 


1.60 


24.6 


2 


(75) 


6 


14097 


1.53 


23.7 


3 


(75) 


20 


18 862 


1.48 


57.9 
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Methyl acrylate polymerization in the presence of O'penUifluorophenyUS- 
benzylxan&iate (75) and O-phenyhS-benzylxanthate (74) 

Stock solutions I, comprising 2,2*-a2obis(isobutyronitrile) (3.75mg) in 
5 25niL of benzene, comprising 0-phenyl-S-benzylxanthate (39.00mg) in 2niL of 
methyl aciylate, and m, comprising 0-peniafiuorophenyhS-benzyixantiiaie 
(78.75mg) in 3mL of methyl aciylatewere prepared. 4mL aliquots of stock 
solution I were transfeired to each of three anQ)OiiIes. A ImL aliquot of stock 
solution n was transfeired to one of the above anqK)ules which was degassed, 
10 sealed and heated at GO^C for 4 hours. ImL aliquots of stock solution m were 
transfeired to the two remaining ampoules which were degassed, sealed and 
heated at GOT for 4 and 16 hours. The respective polymers were analysed by 
GPC aft^rmoval of excess monomer. 

15 Table 26: Molecular weight and conversion data for poly(methyl acrylate) 



prepared in the presence of dithio-compounds at 60°C. 



Entry 


JXMo compound 


Time/hr Mn Mw/Mn 


%Conv. 


1 


(74) 


4 15450 1.49 


54.3 


2 


(75) 


4 12049 1.47 


48.7 


3 


C75) 


16 14806 1.43 


85.6 



The following examples demonstrate the use of vinylogous dithioesters 
in the synthesis of narrow polydispcrsiQr polymers. 

20 Exampk47 

Polymerizatbn of styrene in the presence of S-Bensyl&UhS^ 
dimetkyl^clohex'2-ene'l-thione (30). 

The vinylogous dithioester, 3-Benzylthio-5,5-dimethylcyclohex-2-ene- 
1-thione (30) (40,5 mg; 0.154 mmol) was dissolved in styrene (5.0 g) 
25 (concentration of (17) = 0.028M). The solution was equally dispensed into two 
ampoules which were degassed and heated in an oil bath at 1 lO^^C for 6 and 16 
hrs. 

Table 27: Molecular weight and conversion data for polystyrene prepared by 
30 thermal polymmzation of styrene faiAe presence of (30) at 110 ''C. 
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Entry 


Time (h) 






% conv. 


1 


6 


5528 


1.16 


10.3 


2 


16 


16561 


1.35 


25.1 



E3uunple48 

Thermal pofymerization ofstyrene in &e presence of (76). 

A stock solution of the CTA (76) (64.1 ing) in styi^ 
5 prqpaied Two2mLaUquotsof this solution were transfened to anipou^ 

were degassed, sealed and heated at 100 for the tinies indicated. The volatiles 
were temdved under reduced pressure and tt)e residues dried to constant weig^ 
The polymers wm analyzed by GPC. 

10 Table 28: Molecular weigjit and conversion data for polystyrene pi^ared by 

tfaemud polymerization of styrene in the presence of (76) at 100 ' 

Entry Time(h) fUn Klw/t^n %conv, 

1 6 2393 L23 9.8 

2 64 20982* L54 87J 

* bimodal molecular weight distribution. 

ExampU49 

IS Methyl acrylate polymerization in the presence of benzyl 3^ 
(dibenzyltitto^ropeneditbioate (76). 

A solution of the CTA (76) (105 mg). 2,r-azobis(isobutyronitrile) 
(1.8mg) and methyl acrylate (3mL) in benzene (12mL) was prepared. Two 5mL 
20 aliquots of tiiis solution were transferred to ampoules, degassed, sealed and heated 
at 60''C for 8 and 16 hours respectively. The resulting polymers were analysed by 
GPC after the removal of excess monomer and solvent 

Table 29: Molecular weight and conversion data poly(metfayl acrylate) prepared 
25 in the presence of benzyl 33-<dibenzylthio)propenedithioate (76) usmg 2^*- 
azobis(isobutyronitii]e) as initiator at 60TL 
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Example 


Time(h) 


Kin 




% conv. 


1 


8 


2714 


1.22 


6.2% 


2 


16 


6390 


1.11 


9.6% 



Example 50 

MMA pofymerizaiion using 2<yanoprop'2-yUhpyrroheaAodUhw^ (63) 

S Stock solutions I, comprising 2,2'-azobisCisobutyronitrile) (24.03mg) 

in SmL of benzene» and n, comprising 2<yanopiop-2-yl-l-pyrrolecaibodithioate 
(156.28 mg) in SmL of MMA prepared. O.SmL aliquots of stock solution I 
wm transferred to each of four ampoules. An aliquot of 1 .SmL of MMA was 
transferred to one of the above ampoules, degassed, sealed and heated at 60°C for 

10 2 hours (control). Three 1 .SmL aliquots of stock solution II were transferred to 
flie three remaining ampoules, degassed, sealed and heated at 60^C for 2, 4, 8 
hours. The respective polymers were analysed by GPC after removal of excess 
monomer. 

IS Table 30: Molecular weight and conversion data for poly(methy] methacrylate) 
prepared in ttie presence of dithicarfaamate (63) at WC • 



Enby 


Time/br 


Mn 


Mw/Mn 


%Conv. 


1' 


2 


274929 


1.67 


23.6 


2 


2 


3 986 


U5 


26.0 


3 


4 


4992 


\1% 


53.3 


4 


8 


6717 


1.18 


85.7 



* Contol, no added ditfaiocaibamate 

The following exan?)le illustrates the synthesis of a narrow 
polydispersity block copolymer. 



20 Example 51 

Preparation of low poly&spenity poly(methyl nte&acrylate-bloch'Styrene) 

Poly{methyl methacrylate) (M„ 6,717, MwM„ 1.18) was prepared 
under the conditions described in example 49. A stock solution comprising 2,2' 
azobis(isobutyronitrile) (4.5mg) in ISraL of styrene was prepared and the 
25 abovementioned poly(methyl methacrylate)(840mg) was dissolved in 12 mL of 
this solution* An aliquot of lOmL of the styrene, PMMA and 2,2'- 

63 
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a2obis(isobutyronitrile) mixture was transferred to an ampoule, degassed sealed 
and heated at SO^'C for 20 hours. The resulting polymer was analyzed by GPC 
after removal of excess monomer. The block copolymer had Mn 25 609, Mw/Mn 
1.15 (conversion 26.8%). 

5 The following example illustrates the syn&esis of a narrow 

poly dispersity copolymer. 

Example 52 

PreparaUon of low polydispersity poly(Uhutyl acrylate^cO'^vinyl acetate) 

A stock solution comprising of 1 , 1 •-a2obis(cyclohexanecarbonitrile) 
10 (2.30 mg), vinyl acetate (9.34 g) and was prepared. An aliquot (400ml) of the 
stodc solution was added to an ampoule containing t-butyl acrylate (200ml) and 
O-pentafluorophenyl-S-benzykanthate (75) (10.2 mg). the ampoule was 
degassed, sealed and heated at 100**C for 16 hours. The resulting polymer was 
analysed by GPC after removal of excess monomer. The copolym^ had Mn 
15 16517. MwMn 1.31 (conversion 68%). 

The following exanqples illustrate ^dnyl acetate polymerization in the 
presence of a conventional chain transfer agent Polydispersities are strongly 
dependent on the particular chain transfer agent and its concentration. Where 
.chain transfer constants are high (e.g. a witti thiol) broad polydispersities are 
20 obtained. Compare example 42 where narrow polydispersities are retained 
Aroughout the course of the polymerization to >90% conversion. 

Comparative Example 1 

Fofymerizffdon of vinyl acetate in fhe presence carbon tetrachloride. 

A stock solution of 2.2'-azobis(isobutyronitrile) (8.3 mg) in vinyl 
25 acetate (50 mL) was pr^ared. Aliquots (10 mL) of this solution were transferred 
to an^>oules containing various amounts of CCU as shown in Table. The contents 
of ampoules were degassed, sealed and heated at 60''C for one hour. 

Table 3 1 : Molecular weight and conversion date for poly(vinyl acetate) prepared 
30 in the presence of carbon tetrachloride as chain transfer agent: 
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Entry 


CCUCg) 


[CCWAcl 


Mn 


MwMn 


%Conv. 


I (control) 


0 


0 


106350 


1.9 


13.1 


2 


0.16 


0.00958 


9800 


1.8 


9.3 


3 


0.32 


0.01917 


5200 • 


1.8 


lOi 


4 


0.64 


0.03834 


2600 


1.8 


10.8 



Analysis of the data via a Mayo plot shows that the transfer constant of 
caiboi t^iBchloridB m vinyl acetate polymoization is 0.83. 

5 CoBwanitiveBxanfk2 



Pofymaio^on ofnayl acetate usin; tert-hutyl mereoftan. 

Stod: solutions (I), of 2^'-azolnsCisolm9romtrile) (14.3 mg) in freshly 
distilled Vinyl Acetate (50 mL), and OB), comprising tert-taityl merc^rtan (20.4 
mg) in freshly distilled Vinyl Acetate (10 mL) were prepared. Four separate 
10 ampoules were charged with various amounts of stock solutions (I) and (U) to give 
Ihe indicated concentrations. Hjeanqwules were degassed, sealed and heated at 
60°Cfw one hour. 

Table 32: Molecular weight and conversion date for poly(vinyl acetate) pn^ared 
15 in the presence of tal-bHtylniM«5>tan as chain transfer agent: 



Entry 


RSH(mg) 


[RSm/[VAc] 


Mn 


Mw/Mn 


%Conv. 


1 (control) 


0 


0 


112300 


1.8 


18.7 


2 


2.04 


0.00021 


49680 


2.9 


123 


3 


4.08 


0.00042 


29950 


4.3 


12.1 


4 


8.16 


0.00084 


15000 


7.5 


11.9 



Analysis of the data via a Mayo plot shows flat the oansfer constant of 
tert-bu^l neici^ in VAc polymerization is 5.97. 
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WHAT IS CLAIMED IS: 

1 . A process for producing a polymM-, said process comprising 
polymerizing a monomer mix into said polymer in the presence of a source of free 

radicals and a chain tnmsfer ageathaving a transfer constant in the range of fhan 
5 0.1 to 5000. said cham transfer agent having the following formula: 

\e : ■ . ■ 

wherein when D is Dl <tf the following fbmuila: 

then p is in the range of from 1 to 200, E is Z' and said transfer agent is of the 
10 following foznmla: 



/X=C 
S=C \ 



S 
Z' 



p , 



w^erem when D is D2 of tiie following formula: 



— sJ-R 

Jo 



then p is in the range of from 1 to 200, E is El or E2 and said transfer agent is of 
15 the following formula: 



s=c' 



P. 



wheinn whoi D is D3 of the followmg formula: 

S-fT 



— X=C- 



-Z" 
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ften p' is in the lange of ftom 2 to 200, E is Z, El or E2 and said transfer agent is 

of the following formula: 



5 



10 



/X=C- 



\ 



E 



p' ,or 



wiieiein whMi D is D4 of the following fonnula: 

— s — R 

Aen E is E3 or B4 and said transfer agent is of die following formula: 



E 

v^ereinallof&eabove: 

R is a p-valent moieQr draived firom a moieQr selected from fee group 

consisting of substituted or unsubstituted alkane, substituted or unsubstituted 
alkaie, substitoted or unsubstitoted arme, unsaturated or aromatic caibocydic 
ring, unsaturated or satuialed heterocycUc ring, an organometallic species, and a 
polymer chain, R» being a free radical leaving group resdtmg from R that initiates 

free radical polyroerizadon; 

j5 R« and R' are monovalent moieties independently selected from the 

group consisting of a substituted or unsubstituted alkyl, substituted or 
unsubstimted alkenyl. substimted or unsubstituted aiyl, unsaturated or aromatic 
carbocydic ring, unsaturated or saturated heterocyclic ring, substimted or 
unsubstituted alkylthio, substituted or unsubstidited alkoxy, substituted or 

20 unsubstitoted dialkylamino, an organometaDic species, and a polymer chain, R*» 
being a free radical leaving group resulting from R* that initiates free radical 



X is selected from the group consisting of a substituted or 

unsubstituted metiiine, nitrogen, and a conjugating group; 
25 Z* is selected from tiie group consisting of El, E2, halogen, substituted 

or unsubstitoted alkyl, substitoted or unsubstituted allcenyl, substituted or 

unsubstitoted aryl, substitoted or unsubstitoted heterocyclyl, substituted or 
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• • unsubstituted alkylthio, substituted or unsubstituted alkoxycarbonyl, substituted or 
unsubstituted -COOR", carboxy, substituted or unsubstituted -C0NR"2, cyano, 
-P(=0)(0R")2. -P(=0)R"2: wherein R" is selected from the group consisting of 
substituted or unsubstituted alkyl. substituted or unsubstituted alkenyl, substituted 
5 or unsubstituted aryl, substituted or unsubstituted heierocyclyl, substituted or 
unsubstituted aralkyl, substituted or unsubstituted alkaiyl, and a combination 
thereof; 

Z" is a p'-valem moiety derived from a moiety selected from the group 

consisting of a substituted or unsubstituted alkane, substituted or unsubstituted 
10 alicene. substituted or unsubstituted arene. substituted or unsubstituted heterocycle, 

a polymer chain, an organometallic species, and a combination fliereof; 

Z is selected from the groiq> consisting of a halogen, substituted or 

unsubstituted allqrl, substituted or unsubstituted alkenyl, substituted or 

unsubstitoted aiyl, substituted or unsubstituted heterocyclyl. substimted or 
15 unsubstituted alkyltiiio, substituted or unsubstituted alkoxycarbonyl, substituted or 

unsubstituted -COOR", carboxy, substituted or unsubstitoted -C6nR"2, cyano, 

-P(sOXOR")2,-P(=0)R"2; 

El is a substituent functionality derived fixjm a substituted or 

unsubstitoted heterocyde attached via a nitrogen atom or is of the following 
20 formula: 

— G 

/ 

wbaein G and J are mdq)endenfly selected from tiie group consisting 
of hydrogen, substitoted or unsubstitoted alkyl. substitoted or unsubstitoted 
alkenyl, substitoted or unsubstitoted alkoxy, substitoted or unsubstitoted acyl, 

25 substitoted or unsubstitoted aroyl, substitoted or unsubstitoted aiyl, substituted or 
unsubstitoted heteroaiyl, substitoted or unsubstituted alkenyl, substitoted or 
unsubstituted alkylsulfonyl, substituted or unsubstitoted aJkylsulfinyl, substitoted 
or unsubstituted allqrlphosphonyl, substitoted or unsubstitoted arylsulfonyl, 
substitoted or unsubstitoted arylsulfinyl, substitoted or unsubstitoted 

30 aiylphosidionyl; 

E2 is of the following formula: 
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wherein G' is selected from the group consisting of substituted or 
unsubsdcuted alkyi, substituted or unsubstituted aOcenyl, substituted or 



S . E3 is of the following formula 

J' JpU. 

wherein p'** is between 2 and 200, G** is Z" and P is independently 
selected fiom the group consistuxg of hydrogen, substituted or unsubstituted alkyI, 
substituted or unsubstituted alkenyl, substituted or unsubstituted aUcoxy, 

10 substituted or unsubstituted acyl, substituted or unsubstituted aroyi, substitute 
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or 
unsubstituted alkenyl, substituted or unsubstituted alkylsutf 
tinsubstitnted alkylsulfinyl, substituted or unsubstituted alkylphospbonyl, 
substituted or unsubstituted arylsulfonyl, substituted or unsubstituted aiylsulfinyl, 

15 substituted or unsubstituted aiylphosphonyl or is jomed to G" so as to fonn a 5-8 
membered ring; and 

E4 is of tiie following formula 



-G" 

wherein p'" is between 2 and 200 and G^' is Z" 
20 .2. Theprocessofclaiml wherein when p*" = land D = D1 then E- 

C-X=C-Z' of said cham transfer agent forms a cyclic structure. 

3. The process of claim 2 wherein said chain transfer agent is of the 
following fornuila: 
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4. The process of claim 1 wherein said ftinctionaUty derived from said 

substitoted or unsubstituted heterocycle is selected from the group consisting of 

pyrrole, miidazolejactam, cycUc imide, indole, carbazole, benzinoidazole, 
S brazotriazole, and isattn. 

5. 

Dl having the following fonnnla: 




10 



when El is of tiie following formula: 

6. The process of clahn 1 wherein said chain transfer agent comprises 
D2 having die foUowing formula: 

when El is of the following formula: 



15 
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or E2 is of 66 following formula 



F F or 



7. The process of claim 1 wbeiem said diain transfer agent comprises 
D2 having the following formula: 

CN 



— S- 



or 



CN 



10 when El is of the following formula: 



o- 



8/Th6 pr«»ss of claim 1 ¥iieim said chain transfe 
D2 having the following fonnnla: 



15 



OO2C2H5 
C— CH3 

or 
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CN 



-S— C— CH3 



when E2 is of the following fotmula: 
5 —0— C2H5 

9. The process of claim 1 wherein said monomer mix comprises at 
least one vinyl monomo: having Ifae following fomittla: 

M 

Where L is sdected j&om tiie gmixp consistmg of hydrogen, halogai, 
10 and substitated or unsubstituted C1-C4 alkyl, said alkyl subsUtuents being 

indq)endently selected ftom ifae group consisting of hydroxy, alkoxy, OR", CX)2H, 

O2CR", CX)2R" and a combination thereof 

where M is selected fiom the group consisting of hydrogeai, R", CO2H, 

CX)2R", COR-, CN, CONH2. CDNHR", C0NR"2. 02CR", OR", and halogen. 
15 10. The process of claun 9 wherein said monomer mix further 

comprises maleic anhydride, N-alkylmaleimide, N-arylmaleimide, dialkyl 

fbmarate, cyclopolymerizable monomer, a ring opening monomer, a 

macromonomer or a combination thereof. 

1 1. The process of claim 1 wherein said monomer mix comprises 
20 maleic anhydride, N-alkylmaleimide, N-aiyhnaleimide, dialiyl fumarate, a 

qrdopolymerizable monomer, a ring-opening monomer or a combination thereof. 

12. The process of claim 1 whwran said substituents are independently 
selected from the groi^ that consists of allqrl, aryl, epoxy, hydroxy, alkoxy, 0x0, 

acyl, acyloxy, caiboxy, caiboxylate, sulfonic add, sulfonate, alkoxy- or aiyloxy- 
25 caibonyl, isocyanato, cyano, silyl, halo, dialkylamino, and amido. 

13. The process of claim 1 wherdn said process is carried out in a 
polymerization medium containing said chain transfer agent, said monomw mix 
and said source of free radicals. 
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14. The process of claim 13 wherein said free radicals from said 
source of free radicals are introduced to said polymerization medium after the 
addition of said chain transfer agent and said monomer mix to said medium. 

15. The process of claim 1 wherein said source of free radicals is 
S selected fiom the group consisting of a thermal initiatQr, redox initiator, photo 

ntitintion mtem. and a combination diereof . 

1 6. The process of claim IS wherein said thermal initiator is selected 
torn the group consistmg of 2,2-azobis(isobuQrronitrile), 2^'-azobis(2-cyano-2- 
butane), dimethyl 2,2 -azobisdimethylisobutyrate, 4,4 -azobis(4-cyanopentanoic 

10 acid), l,r-azobis(cyclohexanecarbonitrile). 2-(t-butyla2o)-2-cyanopropane, 2,2'- 
azobis[2-methyl-N-(l,l)-bis(hydoxymethyl)-2-hydroxyethy^^ propionamide, 2,?- 
azobis[2-methyl-N-hydroxyethyl)l-propionamide, 2,2'-azobis(N J^*- 
dimethyleneisobutyramidine) dihydrochloride, 2,2'-azobis(2-amidinopropane) 
dihydrochloride, 2,2 -azobis(N J^T-dimefliyleneisobutyramine), 2,2'-a2obis(2- 

15 methyI-N-[l ,l-bis(hydroxymethyI)-2-hydroxyethyl] propionamide), 2,2*-azobis(2- 
methyl-N-tl ,l-bis(hydroxymethyl) ethyl] propionamide), 2,2'-azobis[2-methyl-N- 
(2-hydn)xyethyl) propionamide], 2^ -azobis(isobutyramide) ffliydrate, 2,2 - 
azobis(2A4-triniefliylpentane), 2,2 -azobis(2-nie 
peroxyacetate, t-Jmtyl peroxybeiizoate, t-butyl peroxyoctoate, t-buQ^^ 

20 peroxyneodecanoafie, t-butylperoxy isobutyrate, t-amyl peroxypivalate, t-butyl 

perojqfpivalate, di-isoprqpyl peroxydicarbonate, dicyclohexyl peroxydicarbonate, 

dicumyl perosdde, dibenzoyl peroxide, dilamoyl peroxide, potassium 

peroxydisuMate, ammonium peroxydisulfate, di-t-butyl hyponitrite, dicumyl 

hyponitrite and a combination thereof. 
25 17. The process of claim ! wherein said process is carried out at a 

polymerization temperature in the range of from — 20Tto200**C. 

1 8. The process of claim 1 wherein said polymer has a polydispersity 
in the range of from LOS to l.S. 

19. The process of claim 1 wherein said polymer is a dispersed 
30 polymer or a solution polymer. 

20. A polymer made in accordance with the process of claim 1. 

21. A coating composition comprising a polymer made in accordance 
with the process of claim 1 . 
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22. The process of claim 1 wherein said polymer is of the following 

formula: 



where n is a positive integer in the range of from 1 to 100,000 and wherein A k of 
5 dte following fbnoula: 




whenDisDl andEisZ'; 
A is of the following formula: 

r ■•• 

c =s 

/ 

-* wbenD]sD2andEis£l;or 
A is of the foUowing formula: 

\ 

=s 

10 whenDisD2andEisE2;and 

and Q" is a rQ)eat unit derived fixnn a monomer selected from the grotq> 
consisting of maleic anhydride, N-alkylmaleimide, N-arylmaleimide, dialkyl 
fiimaralB, cyclopolymerizable monomer, a ring opening monomer, a 
macromonomer, a vinyl monomer of the following formula: 

15 M, 

and a combmation thereof ; 

wherein L is selected from flie group consisting of hydrogen, halogen, 
and substituted or unsubstitoted C1-C4 alkyl, said allcyl substituents being 
independently selected fix)m tiie group consisting of hydroxy, alkoxy, OR", CO2H, 
20 02CR",C02R" and a combmation tiiereof; and 
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wherein M is selected from the group consisting of hydrogen, R", 
CO2H. CO2R". COR". CN. CONH2, CONHR". C0NR"2. 02CR", OR", and 
halogen. 

23. Tlat process of claim 1 wherein said polymer is a mixture of 
S isomers of the following formula: 



c — r 
- P' 



J=i— x=c— 2 



wbett n is a positive integer in the range of from 1 to 100,000, D is D3, E is Z; 
and Q" is a repeat unit derived from a monomer selected from the group 
<*oni?igtitig of maleic anhydride, N-alkylmaleimide, N-aiylmaleimide, dialkyl 
10 fumaiate, cydopolymeiizable monomer, a ring opening monomer, a 
nuicromonomer, a vinyl monomer of the following formula: 



and a combination thereof; 



15 wherein Lis selected from the group consisting of hydrogen, halogen, 

and substituted or unsubstituted C1-C4 aUcyl, said alkyl substituents being 
independently selected from the group consisting of hydroxy, alkoxy, OR", CO2H, 
02CR"i and a combmation thereof, and 

wherein M is selected from the group consistmg of hydrogen. R**, 

20 CO2H, C02r , COR", CN. CONH2, CONHR", C0NR"2, 02CR", OR", and 



24. Tie process of claim 1 wherein said polymer is of tiie following 



fonnula: 



S J' 



Jp" 
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Where n is a positive integer in the range of from 1 to 100.000, D is D4, E is E3; 
and Q" is a repeat unit derived fiom a monomer selected from the group 
consisting of maleic anhydride, N-alkyhnaleimide. N-aryhnaleunide, dialkyl 
fiimarate, cyclopolymoizable monomer, a ring opening monomer, a 
5 macromonomer. a vinyl monomer of the following formula; 

. C3H2=C<^'" 

and a combination theieof ; 

• 

wherem L is selected from ihe group consisting of hydrogen, halogen. 
10 and substitoted or unsubstituted C1-C4 allcyl, said vSkyl substituents being 

independently selected ftom the group consisting of hydroxy, alkoxy, OR", CO2H, 
O2CR", CO2R" and a canabmation thereof; and 

wherem M is selected from fte group consistmg (rf hydrogm, R", 

CX)2H, CO2R", COR", C3<I. CONH2. CONHR", CXJNR-z. O2CR", OR", and 
IS halogen. 

25. The process of claim 1 wherem said polymer is of Ihe following 

fionmila: 



viibaK n is a positive integer in the range of from 1 to 100,000, D is D4, E is E4; 
20 and Q" is a repeat unit derived from a monomer selected ftom the group 
consisting of maleic anhydride, N-alkybnaleimide, N-aryhnaleimide, dialkyl 
fumarate, Qrclopolymerizable monomer, a ring opening monomer, a 
naacromonomer. a vinyl monomM- of the following formula: 

CH2=C(^ 

25 and a combination thereof; 
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wherein L is selected from the group consisting of hydrogen, halogen, 

and substituted or unsubstituted C1-C4 alkyl, said alkyl substituents being 

independently selected from the group consisting of hydroxy, allcoxy, OR", CO2H, 

02CR''i 002^** and a combination thereof; and 
5 wherein M is selected from the group coiisi^ting of hydrogen, R", 

COok COaR", COR". CN, CONH2, CONHR", C0NR"2, 02CR", OR", and 



26. The process of claim 1 wherein said monomer mix conq>rises 
vinyl acetate, vinyl butyiate, vinyl benzoate, vinyl chloride, vuiyl bromide, vinyl 

10 fluoride, N-vinylpyiolidone, N-vinylcarbazole or a combination thereof. 

27. Theprocessofclaimsland26whereinD=i)2,&=ElorE2insaid 
CTA and wherein G, J, and G* are indqpendently selected from the group 
consisting of substituted or unsubstituted alkyl, substituted or unsubstituted 
alkene, substituted or unsubstituted aryl, substituted or unsubstituted heterocyclyl. 

15 28. The process of claun 27 wherein when E=E1, G-N=J form part of 

anon-aromatic cyclic group. 

29. The process of Qaim 1 wherein said monomer mix comprises a 
melhaciylate, acrylate and styrenic monomas and wherein D=D2, E=E1 and G-N- 
J forms part of aromatic cyclic group or a non-aromatic cyclic group with 

20 substituent conjugated to N. 

30. Theprocessofclaim29wheresaidsubstituentEl is substituted or 
unsubstituted pyrrole, substituted or unsubstituted imidazole, substituted or 
unsubstituted 2-lactam, substituted or unsubstituted imide. 

31. Theprocess of claim 1 and25 wherein said monomer mix 

25 conqdses a methaaylate, acrylate, styrenic monomers and a combination thereof, 
wherein DsD2, B=E2 in said CTA and whradn G* is aryl. 

31 The process of claim 31 wherein said aryl is OCeHs or CeFe. 
33. The process for producing a poljmer, said process comprising: 
charging a polymerization medium in a reactor with a chain transfer 

30 agent; introducing a source of free radicals and a monomer mix into said mefium 
to polymerize said monomer mix into said pol jTner, said chain transfer agent 
having a transfer constant in the range of from 0.1 to 5000 and having the 
following formula: 
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wherein when D is Dl of the following f<ninula: 



then p is In the nmge of firom i to 200. E is Z' and said transfer agent is of the 
S followhig fonmila: 



^X=c 



s 



wherein when D is D2 of tiie following fonnala: 

-R 



then p is in the range of from 1 to 200. E is El or B2 and said transfer agent is of 
10 die foUowing formula: 



S=c' 



— R 



\. 



P. 



whoiein when D is D3 of the following formula: 

S-lf 



then p* is m the range of from 2 to 200, E is Z. El or E2 and said transfer agent is 
15 of die following formula: 

S-ff 



s=c 



-Z" 



P .or 



78 



PCT/US98/26428 

WO 99/31144 

wherein when D is D4 of the following formula: 

— S— R 

Oien E is E3 or E4 and said transfer agent is of the following formula: 

S R' 

E 

5 where in all of ihe above: 

R is a p-valent moiety doived from a mdeQr selected from the group 
consisdqg of substituted or unsubsdmted alkane, sabsdtated or onsubstitutBd 
alkene, substituted or unsubstituted arene, nnsaturated or aromatic caiboqrclic 
ring, unsaturated or saturated heterocydic ring, an organomBtallic qwdes, and a 

10 polymer«hain, R» bemg a free radical leavmg group resultmg from R that mitiates 
free radical polym^ization; 

R* and R' are monovalent moieties independently selected from the 
group consisting of a substituted or unsubstituted alkyl, substituted or 
unsubstituted altenyl, substitoted or unsubstituted aryl, unsaturated or aromatic 

15 carbocydic ring, unsaturated or saturated heterocyclic ring, substituted or 
unsubstituted aD^ltiuo, substituted w unsubstituted alkoxy. substimted or 
unsubstituted dialkylamino, an oiganometallic species, and a polymer chain, R*» 
being a free radical leavtog group raultmg from R* tiiat initiates free radical 

polymerization; 

20 X is selected from flie group consisting of a substituted or 

unsttbstimted methme, nitrogen, and a conjugating group; 

Z* is selected from the group consisting of El, E2, halogen, substituted 
or unsubstituted alkyl, substituted OT unsubstimted alkenyl, substituted or 

unsubstituted aryl, substituted or unsubstituted heterocyclyl, substituted or 
25 unsubstimted alkylthio, substituted or unsubstituted alkoxycarbonyl, substitoted or 
unsubstituted -COOR", carijoxy, substituted or unsubstimted -C0NR"2, cyano, 

.p(sOXOR")2.-P(=0)R''2; 

R" is selected from tiie group consisting of substituted or unsubstituted 

all^l, substituted or unsubstituted alkenyl, substitoted or unsubstitoted aiyl. 
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substituted or unsubstituted heterocyclyl, substituted or unsubstituted aralkyl. 
substituted or unsubstituted alkaryl. and a combination thereof; 

Z" is a p'-valent moiety derived from a moiety selected from the group 
consisting of a substituted or unsubsUtuted alkane, substituted or unsubstituted 
5 alkene. substituted or unsubstituted arene. substituted or unsubstituted heterocyde. 
a polymer chain, an organometallic species, and a combination thereof; 

Z is selected from the group consisting of a halogen, substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl. substituted or 
unsubstituted aiyl, substituted or unsubstituted heterocyclyl, substituted or 
unsubstituted alkyltfuo. substituted or unsubstituted alkoxycarbonyl. su^^ 
unsubstituted -COOR", catboxy, substituted or unsubstituted -CX)NR"2. cyano. 
-P(«0)(6R")2,-P(=0)R"2; 

El is a substituent functionality derived fipm a substituted or 
unsubstitated heterocycle attached via a nitrogen atom, or is of the following 
15 fonnula: 

\ 

N G 

/ 

\yhetein G and J are independenfly selected from tiie group consisting 
of hydrogen, substituted or unsubstituted alkyl, substituted or unsubstitutBd 
alkenyl, substituted or unsubstituted alkoxy. substituted or unsubstituted acyl, 
20 substituted or unsubstituted aroyl. substituted or unsubstituted aryl. substituted or 
unsubstituted heteroaiyl, substituted or nnsubstioited alkenyl, substituted or 

unsubstituted alkylsulfonyl, substituted or unsttbstitiited alkylsulfinyl, substitiited 
or unsubstitutBd aDcylphosphonyl, substituted or unsubstituted aiylsulfonyl, 
substituted or unsubstituted aiylsulfinyl, substituted or unsubstituted 
25 aiylphosphonyl; 

E2 is <rf the following fonnula; 

wherein G* is selected from tiie group consisting of substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or 
30 unsubstituted aiyl; 

E3 is of tiie following fonnula 
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wherein p*** is between 2 and 200, is T' and T is independently 
selected fiom the group consisting of hydrogen, substituted or unsubstitated alkyl, 
substituted or unsubstituted alkenyl, substituted or unsubstituted alkoxy, 

5 substituted or unsubstituted acyl, substituted or unsubstituted an)yl,subs^^ 
unsubstituted aiyi, substituted or unsubstituted heteroatyl, substituted or 
unsubstituted alkenyl* substituted or unsubstituted alkylsulfonyl, substituted oc 
unsubstituted alkylsul&yl, substituted or unsubstituted alkylpho^^ 
substitute or unsubstituted arylsulfbnyl, substituted or unsubstituted aiylsulfinyl, 

10 substituted or unsubstituted arylphosphonyl or is joined to G** so as to form a 5-8 
membered ring; and 

E4 is of tiie following formula 

^N) G" 

JP 

whereinp'"isbetween2and200andG'"is Z\ 
15 said monomer mix comprising one or more monomers selected from 

the group consisting of maleic anhydride, N-alkybnaleimide, N-aiylmaleimide, 
dialkyl fumarate, cyclopolymerizable monomer, and vinyl monomer having the 
formula: 



CH2: 

20 where Lis selected from flie group consisting of hydrogen, halogen, 

and substituted or unsubstituted C1-C4 alkyl, said alkyl substituents being 
independendy selected from tiie group consisting of hydroxy, alkoxy, 0R'\ CO2H, 

O2CR". COlR" and * » 

whwB M is selected from tiie group consisting of hydrogen, R", CO2H, 

25 C02R\ COR". CN, CONH2, CONHR", C0NR"2, 02CR". OR", and halogen. 
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34. A chain transfer agent having a transfer constant in the range of 
from 0.1 to 5000. said chain transfer agent havmg the following fonnula: 

whnein viien D is Dl of the following fonnula: 

R 



5 - -p 

Aen p is in the range of from 1 to 200. E is Z' and said transfer agent is of the 
following fammla: 



.S R 



P , 



wherdn when D is D2 (^tiie following fommla: 

.R 



10 

then p is in the range of from 1 to 200, E is El or E2 and said transfer agent is of 
the following formula: 



S=c' 



<S — R 



P. 



15 



vdierem when D is D3 of the foUowing formula: 

S-lf 

— X=C- 



then p* is in the range of from 2 to 200. E is Z, El or E2 and said transfer agent is 
of tlie following formula: 
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S-Ff 

-Z" 



P ,or 



ivheiein when D is D4 of the following formula: 

— S— r' 

fii^ E is E3 or E4 and said transfer agent is of the foDowing formula: 



E 

where in all of Ae above: 

- R is a p-valent moiety derived from a moiety selected from the group 
consisting of substituted or unsubstituted alkane, substituted or unsubstituted 
alkene» substituted or unsubstituted arene, unsaturated or aromatic carbocyclic 
10 ring, unsaturated or saturated heterocyclic ring, an organometallic species, and a 
polymer chain, being a free radical leaving group resulting from R that initial 

free radical polymerizadon; 

R* and R* are monovalent moieties indqjendenfly selected from the 
group consisting of a substituted or unsubstituted alkyl, substituted or 
IS unsubstimted alkenyl, substituted or unsubstituted axyl, unsaturated or aromatic 
carbocyclic ring, unsaturated or saturated heterocyclic ring, substituted or 
unsubstituted alkyltiiio, substituted or unsubstituted alkoxy, substitoted or 
unsubstimted dialkylamino, an organometallic species, and a polymer chain, R*« 
being a free radical leaving group resulting from R* fliat initiates fi«e radical 

20 polymerization; 

X is selected from flie group consisting of a substimted or 

unsubstituted methine, nitrogen, and a conjugating group; 

Z' is selectedfiomflie group consisting ofEl»E2, halogen, substituted 

or unsubstimted alkyl, substituted or unsubstituted alkenyl, substituted or 
25 unsubstituted aryl, substitoted or unsubstituted heterocyclyl, substimted or 

nnsubstitoted alkylthio, substituted or unsubstituted alkoxycarbonyl, substituted or 
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• ■ unsubstituted -COOR", caiboxy, substituted or unsubstituted -C0NR"2. cyano. 
-P(aO)(OR")2,-P(=0)R"2; 

R" is selected from the group consisting of substituted or unsubstituted 
alkyl. substituted or unsubstituted alkenyl, substituted or unsubstituted aryl, 
5 substituted or unsubstituted lieterocyclyl, substituted or unsubstituted aialkyl, 
substituted or unsubstituted allcaiyl, and a combination thereof; 

Z" is a p*-valent moiety derived from a moiety selected fiom die group 
consisting of a substituted or unsubstituted alkane, substitoted or unsubstituted 
alkene, substituted or unsubstitoted arene, substituted or unsubstituted heterocycle, 
10 a polymer chain, an organometaUic species, and a combination tijereof; 

Z is selected from the group consisting of a halogen, substituted or 
unsubstituted alkyl, substituted or unsubstituted aDcenyl. substituted or 
unsubstituted aiyl, substitiited or unsubstituted heterocyclyl, substitoted or 
unsubstitaiBd allqrlthio, substituted or unsubstitoted alkoxycarbonyl. substitoted or 
15 unsubstituted -COOR", caiboxy, substituted or unsubstitoted -C0NR"2, cyano, 
-P(=0)(OR-)2,-P(=0)R"2; 

El is a substitoent functionality derived from a substitoted or 

unsubstituted hetcrocyde attached via a nitrogen atom, or is of die foUowing 
fommla: 

\-G 

20 j'^ 

wherein G and J are independendy selected from flie group consisting 
of hydrogen, substitiited or unsubstitoted alkyl, substituted or unsubstitoted 
alkenyl. substitoted or unsubstitoted alkoxy, substituted or unsubstitoted acyl, 

substitoted or unsubstituted aroyl, substitoted or unsubstitoted aryl, substitoted or 
25 unsubstitoted heteroaiyl, substituted or unsubstitoted alkenyl, substitoted or 

unsubstitoted alkylsulfonyl, substitoted or unsubstitoted alkylsulfinyl, substitoted 
or unsubstituted alkylphosphonyl, substitoted or unsubstitoted arylsulfonyl, 
substitoted or unsubstitoted arylsulfmyl, substitoted or unsubstitoted 
aiylpbosphonyl; 
30 E2 is of the following f oimula: 

\) — G' 
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wherein G* is selected from the group consisting of substituted or 

unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or 

unsubstituted aiyl; 

E3 is of the following formula 



whereiii p*** is between 2 and 200. G" is Z" and J* is independently 
selected from the group consisting of hydrogm* substituted or unsubstituted alkyl, 
substituted or unsubstituted alkenyl* substituted or unsubstituted alkoxy. 



10 unsubstituted aiyl, substituted or unsubstituted heteroaryl, substituted or 
unsubstituted alkenyU substituted or unsubstituted alkylsulfonyl, s^^ 
unsubstituted alkylsulfinyl, substituted or unsubstituted alkylphosphonyl, 
substituted or unsubstituted aiylsulfonyl, substituted or unsubstituted arylsulfmyl, 
substituted or unsubstituted arylphosphonyl or is joined to G" so as to form a 5-8 

15 membered ring; and 



Jp"' 

wherein is between 2 and 200 and G'*' is 

35. The chain transfer agent of claim 34 where D2 is of the following 

20 formula: 



5 




snbstit^^^f^ or unsubstituted acyl, substituted or unsubstituted aroyl, substituted or 



E4 is of the following formula 





when E is El or E2, wherein El is of tiie following formula: 
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.or 




and E2 is of the following fcnnuila: 




or 




fonnalK 



36. Thechain tiansferag«mtafdaim34whereD2isoflbefoUowm^ 



CN 



— S- 



or 



CN 



— S- 



10 wfaenEl isofdiefonowingfonmila: 

37. TTjechaintransferagentofdaim34whereD2isoftbefoUowing 



formula: 



CO2C2H5 



— S— c— 



OI3 



CH3 
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CN 



— S— C— CH3 

CH3 or 

-s-/^ . .. 

whea E2 is of die f oUowing f ommla: 

. -0— C2H5 

S 38. The process of daimlwheieinsdd polymer 

gradient copolymer produced by sequentially adding monomers. 
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